Wetlands of the Bitterroot 
Valley: Change and 
Ecological Functions 

Piepaied for: 
Tlie Montana Department of Enviromnental Quality 

Prepaied by: 
Gregory M. Kudray and Tom Schemm 



Montana Natural Heritage Program 

a cooperative program of the 
Montana State Libiaiy and the Umversity of Montana 



January 2008 




M n N r A N A 



Natural Heritage 



Wetlands of the Bitterroot 
Valley: Change and 
Ecological Functions 

Piepaied for: 
Tlie Montana Department of Enviromnental Quality 

Agreement Number: 
DEQ #206028 

Prepaied by: 
Gregory M. Kudray and Tom Schemm 




MONTANA 



Natuml Heritage 
-^Prc^iam 




Library %J^ IVlOlltaiia 



© 2008 Montana Natural Heritage Program 

P.O. Box 201800 • 1515 East Sixth Avenue • Helena, MT 59620-1800 • 406-444-5354 



This document should be cited as follows: 

Kudiay, G. M. andT. Schemm. 2008. Wetlands of tlie BitteiToot Valley: Change and Ecologi- 
cal Functions. Report to tlie Montana Department of Environmental Quality. Montana Natural 
Heritage Program, Helena, Montana. 32 pp. plus appendices. 

ii 



Executive Summary 



Tlie objective of this project was to evaluate 
wetland diversity and analyze wetland change in 
the Bitterroot River watershed of westein Mon- 
tana. Tliis watershed is typical of many laige river 
valleys in the West tliat have a rapidly increasing 
affluent population expanding into rural areas. We 
chaiacterized the spectrum of wetland types and 
analyzed wetland change by compai ing the original 
National Wetland Inventory (NWI) baseline in the 
eai1y 1980's to our new NWI moping based on 
yeai' 2005 imagery. We also developed a system 
for labeling mapped wetland polygons using a 
combined NWI - HGM (Hydiogeomorphic) code. 
Codes have been associated with tliree peifomiance 
levels of 10 ecological functions. This enabled us 
to represent hydi'ology, biogeochemical, and habitat 
wetland functions on wetland maps, and represents 
the most detailed mapping infonnation system 
for wetlands that has evei' been implemented on 
a statewide or regional basis. Tliis infonnation 
will help decision-makers prioritize wetlands for 
restoration or protection, guide mitigation require- 
ments, support regional or local wetland policy 
and management, and will contiibute to a broader 
understanding of tlie wetland ecological services 
tliat society values. 

We found tliat wetlands and wetland associated 
ecological fiinctions are concentrated in tlie valley 
bottom and along ripaiian areas. Most of tlie 442 
Clean Water Section 404 Program peimits tliat have 
been issued within tlie study aiea aie concentiated 
in the wetland-rich riparian floodplain. Some of 
the pemiitted activities, like annoring banks witli 
rip-rap, may limit tlie ability of tlie river to main- 
tain the same amount of wetlands on tlie floodplain 
because high flow events are essential in creating 
and renewing wetlands. 

Wetland change was analyzed in two ways. A ran- 
dom sampling indicated no net estimated change in 
total wetland acreage, using confidence limits that 
were relatively laige due to high sampling variabil- 
ity. However, we did find tliat ponds increased in 
estimated acreage, wheieas the estimated acreage 
of emeigent wetlands, which were often conveited 
into ponds, decreased. We additionally completed 



a total study area review of ponds created by 
humans and beavers, and found an 80% decrease 
in beaver pond numbers and acieage duiing the 
approximately 20 yeai' study time frame. Only 
about 5 acies of beavei' ponds remain in this 1 .4 
million acre ai ea despite tlie laige amount of suit- 
able beaver habitat. Beavers are a keystone species 
witli a disproportionate effect on ecological func- 
tions compared to tlieir numbers. Beavei' activity 
improves water quality tlirough sediment retention, 
influences on nutrient cycling and decomposition, 
and hydrologic modifications. Beavers create wet- 
lands tliat would otlierwise be rare in mountainous 
ten'ain, thus providing important habitat foi" many 
otiier wetland-dependent species. 

Tlie other major wetland change in our 100% re- 
view was a 75% increase in human created Palus- 
trine wetland acreage. Tlie 921 new created wet- 
lands in the study area since the eaily I980's aie 
viitually all small ponds with standing water that 
were primaiily constructed for theii' recreational 
amenities. Fish stocking is a major use, 252 fish 
stocking pemiits were recorded since tliey were 
first required in 1998. Over 90% of tlie permits 
indicated an intention to stock non-native fish spe- 
cies. Tlie presence of fish in a pond has also been 
sti'ongly and negatively associated wiUi the popula- 
tions of some amphibian species in Montana. Only 
about 30% of Uiese ponds had Uie requiied water 
use permit for pond constniction. We estimated 
ecological fiinctions for created ponds as generally 
lower than natural ponds, but there is considerable 
uncertainty about actual fiinctional levels due to 
a lack of research and potentially large ecological 
impacts associated with the spread of the non-na- 
tive bullfrog, a problem species in Uie aiea, and 
a general decline of native amphibians across 
Montana. If constnicted wetlands do not function 
like natural wetlands, tlien landscape wetland func- 
tions may still be lost even with a gain in wetland 
acreage. 

Wetlands and deepwater types comprise 1 .1% 
(16,304 acres) of Uie total study area. Over 1,806 
acres, 11% of Uie total wetland acreage, are isolated 
wetlands, which may not be regulated. The fiooded 
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beds and shores of rivers are the most common 
wetland type (34%), followed by wetlands with 
emei'gent vegetation (26%), deepwater habitats 
(13%), and wetlands witli shrub vegetation (12%). 
Forested wetlands aie very uncommon, only 15.1 
acres were mapped. The location of most wet- 
lands in ripai ian corridors and on tlie valley floor 
neai' human developments has often resulted in a 
degraded ecological condition with many emergent 
wetlands converted to pastures witli introduced 
grasses. Nonnative species and noxious weeds 
are common, especially in the riparian zone of the 
Bitterroot Rivei; Higher elevation wetlands are 
more ecologically intact; wetlands witli a satu- 
rated water regime are more common tliere than in 
most of Montana. Tliese types aie often peatlands 
that may provide habitat foi" Montana plant Spe- 



cies of Concern and the Northern Bog Lemming, 
an animal Species of Concern. About 38 acres of 
slope wetlands were mapped; tliese also have the 
potential for high conseivation value. Our new m^ 
data provides a valuable tool for field botanists to 
explore these areas. 

Tlie considerable change in wetlands of tlie Bittei- 
root Valley after only 20 yeais underscores concern 
about a changing profile of wetland values and 
services. More effort is needed to understand tlie 
impacts of laige increases in created recreational 
ponds. The large decrease in beaver ponds, and 
presumably beaver numbers, is also woitliy of 
additional focus. Beaveis and humans often share 
riparian aieas and it is likely that beavers aie di- 
minishing due to this relationship. 
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Introduction 



Concern over wetland loss in tlie United States 
reached tlie level of a presidential initiative when 
President George H. Bush established a federal 
policy to increase the quality and quantity of 
wetlands. Bush also directed tlie United States Fish 
and Wildlife SeiTice (USFWS) to complete anotlier 
update on wetland trends, which was anotlier 
installment in more than 50 years of USFWS 
wetland trend analysis (Prayer et al. 1983, Dahl and 
Johnson 1991, Dalil 2000, Dahl 2006). This series 
of national studies reported the nation's wetlands 
considerable initial wetland losses in tlie 1950's to 
1970's, slower losses from tlie 1970^s to tlie 1990's, 
and gains during tlie 1998 to 2004. There has been 
a cumulative loss of more than 50% of wetland 
acreage in tlie continental U.S. (Dahl 1990). 
However, wetlands are valued not for the acreage 
covered but for tlie ecological functions provided; 
tlie USFWS national wetland status and trends 
analyses do not provide an assessment of changes 
in wetland fiinction {Dahl 2006). 

The hydrogeomorphic classification (HGM) for 
wetlands (Brinson 1993) is tlie most accepted 
and well-developed metliodology for assessing 
wetland functions in tlie United States. Tlie HGM 
classification was developed to assess tlie effect 
of projects on wetland fiinctions in the Corp of 
Engineers 404 regulatory program (Brinson 1 993) . 
HGM emphasizes the hydi'ologic and geomoiphic 
controls that aie believed to be responsible for 
maintaining the functional aspects of wetlands 
(Brinson 1993). In the HGM system, a wetland 
is classified as to its geomorphic position, water 
source, and hydiodynamics (Brinson 1993). Since 
tliere could be considerable vaiiability in wetland 
functions in a specific HGM class across the 
country, a series of regional guidebooks (e.g. Hauer 
et al. 2002) weie developed to assess tlie wetland 
functions of HGM types in aieas witli similai' 
environmental characteristics. 

HGM applications aie largely site-based and 
regulatory in nature but there has been increasing 
application of HGM as a tool in understanding 
cumulative effects on wetland functions tlirough 
GIS landscape analyses. Johnson (2005) 



chaiacterized wetland fiinctions in reference 
and impacted watersheds in similar Colorado 
environments to develop a metliod that could 
infer likely cumulative effects in tlie impacted 
watershed. The National Wetland Inventory (NWI) 
has often been used in cumulative effects analyses 
since it is the most widely available and consistent 
wetland mapping product in the U.S. Kentula et al. 
(2004) assigned a modified HGM type to wetlands 
in the Portland, Oregon area and suminai ized HGM 
type changes from tlie original NWI in 1 992, but 
did not extend the analysis to estimate wetland 
functional changes. 

Linking NWI mapping to cumulative functional 
loss has been accomplished in the Nortlieastem 
United States by adding hydiogeomorphic 
descriptors for landscape position, landfomi, 
water fiow path, and waterbody type to the NWI 
digital database and applying coirelations to land 
chaiacteristics and fiinctions to identify wetlands of 
potential significance for vai'ious fiinctions (Tinei' 
2005). Tliis study used ancillary data to estimate 
pre-settlement wetlands and detemiined that tlie 
study watei'shed had lost 60% of its capacity for 
stieamflow maintenance and over 35% of its 
edacity for four otlier functions (Tiner 2005). 

Understanding how wetlands function spatially 
and temporally in a watershed has seveial 
management and planning applications. Implicit 
is tlie establishment of a functional baseline; 
while detemiining pre-settlement conditions is 
often not accurately possible, otlier approaches 
like Johnson's (2005) method of identifying a 
reference watershed can also be applied in some 
cases. Howevei; tlie original NWI offers tlie 
most widespread and cost effective baseline data 
source, even with tlie caveat of pre-NWI wetland 
losses. Additionally, progress in linking wetland 
functions to NWI types helps to standardize 
the assessment methodology. Once a baseline 
is established a watershed wetland fiinctional 
profile (sensu Johnson 2005) can be created. This 
may take the form of an acreage or percentage 
summaiy of HGM types, or may be extended 
further witli a region-specific association of the 



magnitude of specific ecological fiinctions witli 
mapped types, allowing an estimate of baseline 
wetland functionality witliin a watershed (Tiner 
2005). When tlie baseline is compared witli current 
conditions, knowledge about tlie status and trend 
of wetland functions in awatershed can help 
prioritize wetlands for restoration or protection, 
guide mitigation lequirements, furthei' regional or 
local wetland policy or regulations, and contiibutes 
to a broader understanding of how wetland change 
affects the ecological services that society values. 
Inferences about likely wetland functional changes 
in watersheds with similar ecological and social 
chaiacteristics may also be useful. 

The HGM classification creates wetland types 
tliat have similar functions, but does not quantify 
tlie kind and magnitude of specific functions. 
Regional guidebooks elaborate on the specific 
functions peif omied by a HGM type within tlie 
region and serve as an important resource in 
associating functions to wetlands, altliough tliere 
is not a compaiative analysis of the importance 
of a function tliat may be performed by a vaiiety 
of wetland HGM types. The most useful, but 
also most subjective, attiibution of functions to 
wetland types require an estimate of the magnitude 
of how each function is performed by a type 
witliin a region. Additionally, theie is consideiable 
variability beyond easily measured characteristics 
like acreage as to the importance of a function 
across the vaiiety of sites tliat will constitute a 
similarly coded class. Thus, it is important to base 
functions and theii' relative magnitude witliin a 
specific type on good infonnation and to keep 
any importance attiibutions lelatively general. 
Astrengtli of the approach in a GIS cumulative 



assessment analysis is that tlie functions and/ 
or their magnitude can be reassessed if more 
information becomes available, like a better 
function - type linkage or widespread wetland 
assessments that can link condition to function. 

Rapid development in the large river valleys of 
Montana has generated concern about changes 
to the wetlands and tlieir associated functions. In 
Montana and tlie Intemiountain West, wetlands are 
concentiated in broad river valleys and riparian 
areas, which also form some of the most attractive 
sites for residential development. Population 
pressures drive tliis potential threat: the West is 
tlie fastest growing region by population in the 
United States with Intermountain states leading 
tlie list of fastest growing states. Wetlands are also 
proportionality more important in tlie arid West. 

Our study aiea in the Bitterroot Rivei' watershed 
of Montana is typical of rapidly glowing Western 
regions witli increasing land subdivision and 
housing development occurring in aieas previously 
dominated by agiicultural activities. One of 
our objectives is to quantify wetland change in 
our BitteiToot Valley study area from the eai1y 
1980's original NWI baseline to ournewNWI 
mapping based on 2005 imagery. The need for 
state, regional, and local scale wetland status and 
trends assessments is part of the USFWS National 
Wetland Inventory (NWI) strategic plan for tlie 2V^ 
century (U.S. Fish and Wildlife Service no date). 
Our new NWI mapping for Montana includes 
routine attribution witli HGM modifieis; anotlier 
objective is to develop a system tliat enables a 
spatial quantification of wetland functions using 
tliis mapping. 



Study Area 



Tlie study aiea includes most of tlie Bittenoot 
Rivei' watershed in western Montana (Figure 1). 
Valley land use is primarily mixed residential and 
agricultural, the sunounding mountains aie largely 
under Forest Serace management with forestry and 
recreational uses dominating. The Bittenoot Valley 
has a north - soutli axis with tlie Bitterroot Range 
to the west and tlie Sapphire Mountains to the east. 

Climate 

Tlie climate vaiies considerably within the study 
area because elevation ranges from 3,600 feet at 
the mid-valley city of Hamilton to ovei' 10,000 feet 
in the Bitterroot Range. Most wetlands are in the 
valley bottom witli weatlier similai^ to Hamilton. 
Tlie following summary is for Hamilton and is 
primarily from the Western Regional Climate 
Center (2007). The average yeaily maximum 
temperature is 58.9^F with an average minimum 
temperature of 33.3^F. July and August are the 
hottest montlis, witli average maxima of 84.7^F and 
83.1°F, respectively. Average annual precipitation 
is 12.2 inches, most months average slightly less 
tlian 1 inch; May and June are the wettest montlis, 
1.6 and 1.7 inches, respectively. An average of 25.7 
inches of snow falls annually. Detailed climatic 
summai'ies aie not available for the surrounding 
mountain ranges, but relatively cool and wet 
conditions create important surface and subsurface 
water dischaiges tliat maintain valley wetlands. 
Some aieas of tlie Bittenoot Range average over 80 
inches of precipitation annually (Briai' and Dutton 
2000). 

Geology^ Landform, Soils, and 
Hydrology 

Tlie study aiea consists of two major regions: the 
Bitterroot Rivei' valley, which is about 50 miles 
long and up to 1 miles wide, and the suirounding 
mountain ranges. Tlie north-south valley is 
composed primarily of surface alluvium over 
Tertiary deposits up to 2400 feet deep (Briai^ and 
Dutton 2000). Most wetlands are found on the 
1 to 2 mile wide Bittenoot River floodplain and 
tlie adjacent benches. Floodplain soils aie mostly 
derived from sand and gravel while the benches 



have finer textured soils over coaiser alluvial 
deposits (Bourne 1951). The mountains are of 
sedimentary metamorphic, volcanic andplutonic 
rocks (Briar and Dutton 2000, Lonn and Sears 
2001). Mountain soils are often tliin and coarse 
witli bediock exposure common, but there are also 
some aieasof deeper soils (Bourne 1951). Tlie 
Bitterroot Mountains rise to over 10,000 feet and 
extend along the entire western boundary of the 
valley. Tlie Sapphiie Mountains aie lower and run 
along the east side. 

Basin-fill aquifers in the valley are recharged by 
stieamflow infiltration, inigation water, subsurface 
inflow from suirounding bediock (primarily from 
melting snowpack), and direct precipitation and 
snowmelt (Briar and Dutton 2000). Tlie wetter 
Bitterroot Range contiibutes considerably more 
rechai'ge water tlian the Sapphire Range to tlie 
east (Briar and Dutton 2000). The Bittenoot 
River peaks in the late spring, declines during the 
summer when iirigation witlidi'awals aie signiflcant 
and remains stable during tlie winter (Briai" and 
Dutton 2000) . Diffiise surface ground water 
discharge and inigation is common in tlie valley, 
botli can create wetland aieas. 

Vegetation 

Douglas-fir {Pseitdotsnga mettziesii) and ponderosa 
pine (Finns pomkrosa) forests dominate the 
uplands, western larch (Larix occidefttalis) 
and subalpine fli" (Abies lasiocwpa) aie also 
common (McNab and Avers 1994). Wildfires are 
common and can lead to dense lodgepole pine 
(Finns contorla) stands. Grasslands of bluebunch 
wheatgiass (Fsendoroegneria spicatd), Idaho 
fescue {Festitca idahoensis\ and rough fescue 
(Festuca ccunpestris) (McNab and Avers 1 994) 
are common on diiei' aspects. Much of the native 
grassland vegetation in tlie valley has been 
replaced by agricultural species, especially non- 
native pasture grasses. In lower valley wetland 
and lipaiian areas, pasture grasses, smooth brome 
(Broums Uiermis), and a variety of non-native 
weeds have often replaced native herbaceous 
species, although tlie woody vegetation is 
primaiily composed of native species dominated 
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Figure I. Map of the shidy area. 



by coltonwoods and willows. Wetland and i ipaiian 
ecosystems are generally more ecologically 
intact as tlie elevation increases because non- 
natives either are not adapted to climatic and 
soil conditions or have not dispersed to the aiea. 
Wetland types ai e fiiitlier described later in this 
document. 

Land Use History 

In 1805 die Lewis aiid Clark expedition found 
the BitteiToot Valley occupied by tlie Flathead 
Tlibe of the Salish hidian Nation (Bounie 1951). 
later relocated by tlie U.S. government following 
an 1850's tieaty. Tlie first European settlement 
occuired in 1841 near tlie town of Stevensville 
with the establishment of a Catliolic mission 
(Bourne 1951). Livestock and crop production 
along witli mining, logging, and the constiuction 
of the Noitlieni Pacific lailroad spuired fiirtliei" 
settlement; by (he 1880's tliere was a thiiving 
community {US Bureau of Reclamation 2007). 

Large scale irrigation began witii tlie constiuction 
of the Surprise Ditch in 1875 and by 1900 most 
of the valley was inigated (Bourne 1951). Local 
irrigators completed Como Dam and its laige 
reservoir in 1910 with subsequent improvements 
by the Bureau of Reclamation (US Bureau of 
Reclamation 2007). Painted Rocks Lake is anotlier 
large inigation reservoir Tliese inigation projects 
have created, altered or destroyed wetlands 
tliroughout tlie valley; theiefore, the presettlement 
status of wetlands in this ai'ea will always remain 
obscure. 



Tlie largest city is Missoula (Missoula County) 
at the nortliem end of tiie area. Hamilton {Ravalli 
County) is the next largest city and is located near 
tlie center of the valley. Missoula and Ravalli 
County human populations grew steadily tiirough 
tlie 20^^' centuiy (Figure 2), witli much of the 
Ravalli County increase occurring outside of 
established cities and to\vns {Briai' and Dutton 
2000). There was a 44% population increase 
from 1990 to 2000 in predominately rural Ravalli 
County which was tiie fastest growing county in 
Montana duiing the eaily 1990's {U.S. Census 
Bureau 2007). Most of tliis development has 
occuired in tlie wetland-rich Bitteiroot Valley 
bottom where agricultural land has been subdivided 
into smaller acreages or residential lots. 
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Figure 2. Annual estimates of the population for Missoula and 
Ravalli Counties of Montana. Source: Population Division, 
U.S. Census Bureau. Release date: March 16, 2006. 



Methods 



All new NWI wetland mapping was completed 
by the Montana Wetland and Ripaiian Mapping 
Centei" of the Montana Natural Heritage Progiam 
(MTNHP) to NWI specifications. Mapping 
followed the USFWS National Standards and 
Quality Components (2004) and the Technical 
Procedures for Mapping Wetland, Deepwatei' 
and Related Habitats (2004). Tlie USFWS NWI 
classification system (Cowaidin et al. 1979, 
Appendix 1) was used to code wetland polygons. 
Wetland areas weie delineated in anAixMap 9.X 
environment. We first obtained a geodatabase clip 
fi'oin tlie USFWS NWI master geodatabase and 
added several ancillary spatial data layers to tlie 
ArcMap project. Polygons were also coded with 
hydi'ogeomorphic modifiers adapted from Tiner 
(2003, Appendix 2). New NWI mapping was 100% 
reviewed by MTNHP personnel, approved by the 
NWI Regional Coordinator, and incorporated into 
tlie National NWI geodatabase. 

The original NWI mapping was delineated by hand 
witli ink on inylai' overlays covering 1 :58,000 scale 
color infi'ared aerial photography fi'oin tlie period 
1982 to 1984. Tlie original NWI mapping had 
enough geometi'ic distortion that a "cookie-cutter" 
approach comparing the two dates of mapping, 
similar to tlie NWI status and trends approach 
(USFWS 2004), would not be accurate. We first 
randomly selected squaie mile sections witliin each 
5^ code HUC in tlie study aiea until at least 10% 
of each HUC was selected. We visually compared 
each original NWI polygon to the 2005 NWI 
mapping update and coded for change. Changes 
were based on tlie dominant 2005 type by aiea 
witliin each original NWI polygon. Tlie new NWI 
mapping often recognized two or more wetland 
types witliin a wetland area originally attributed as 
one type in tlie original NWI. The source of change 
was also coded for each polygon. The majority of 
change was due to type interpretation differences: 
the new mapping benefited fiom multiple imagery 
dates with 1 metei' high-resolution color infi'ared 
imagery as the base imagery and numerous 
ancillaiy data sources and spatial data layers. 
Interpretive differences weie not considered 
as wetland change andweie eliminated fi'oni 



tlie analysis. Tony Olsen of tlie EPA completed 
tlie statistical analysis with statistical programs 
developed for tlie National Wetland Status and 
Trends Analysis. 

We also completed a 100% assessment for 
beaver ponds (NWI Palustrine aquatic beds and 
unconsolidated bottom classes) and human created 
wetlands, reliably identified in botli sets of NWI 
mapping and few enough in number to be visually 
examined on digital imagery. The full assessment 
was only practicable for a subset of types tliat 
could be easily identified and where geometric 
displacement issues and interpretative differences 
could be conti'olled. NWI types otlier than ponds, 
like emergent or shnib wetlands, were also ofl;en 
given a ''b" (beaver) NWI modifier because tliey 
were interpreted to have been created by beaver 
action, but this detennination was less consistent 
in the two series of mapping than beaver ponds. 
Human created wetlands are given modifiers for 
excavation or impoundment, developments that are 
relatively easy to see on imageiy. Wetlands created 
after the original NWI mapping were identified by 
applying a 20 m buffer to original NWI polygons 
tlien eliminating all intersecting new NWI wetland 
polygons. This buffer was applied so that geometric 
displacement between the two layers did not result 
in an incorrect identification of created wetlands 
created. All new human created wetlands largei' 
tlian 0.2 acreswere visually examined on imagery 
and only tliose that were obviously aeated and 
not due to inteipreter differences were included 
in the analysis. Of course, all these wetlands were 
originally mapped, attiibuted, and 1 00% reviewed 
in our standaid NWI mapping quality control 
process. 

We estimated a relative level of performance 
for each ecological fiinction for every mapped 
combination of NWI and HGM types (Appendix 
3). Tlie three perfoimance levels we identified are 
relative to otlier types, most wetlands perfoim all 
tliese functions to some degree. In some cases we 
recognized tliat these functions will vary witli the 
range of elevation in our study aiea and we applied 
tlie following modification for tliis effect. 



Elevation values were established for each wetland ^ ., _ ._ , 

by dividing die elevation of a site by the lowest (1/1.14) X 2 = 1.75 

wetland elevation witliin tlie study area (3084^). 

Tlie square root of this value is tlien used as a 

multiplier for the fiinction values of 1 (highest), 2, 

or 3 applied to tlie type. For example, a wetland 

type at a 4000 ft. elevation witli » 2 value for a 

function judged to be better perfomied for tlie same 

type at a higher elevation will he calculated: 



(4000/3084) = 1.3, square root ofl.3 = 1.14, 
n/1 14^ Y?.= I 7S 



(4000/3084) = 1.3,squarerootof 1.3 = 1.14, 1.14 
X2 = 2.28 

An inverse tiansfomiation is applied if the 
same type perfomis tlie function better at lower 
elevations: 



Functional peifomiance levels were modified by 
tlie elevation tiansfomiation, if appropriate, and 
tlien grouped in hydiologic, biogeochemical, and 
habitat categories. The habitat composite values 
were composed of four metrics so we multiplied 
tliese values by 0.75 to create a scale equivalent 
to the tliree metrics composing the hydrologic 
and biogeochemical scores. Tliese values were 
multiplied by the number of acres witliin each 
wetland polygon. Total values were summed in 
a 500 m cell giid across tlie study aiea for map 
display. 



Results and Discussion 



Wetland and Deepwater Types 

Classification Systems and Overview 
Wetland and deepwatei' types were classified 
witli two systems, the standaid National Wetland 
Inventory (NWI) classification system (Cowardin 
et al. 1979), and a hydi'ogeomoiphic (HGM) 
system (Brinson 1993) also called LLWW (for 
Landscape, Landfoim, Water Flow path, and 
Watei'body type) . The LLWW system was ad^ted 
from Tiner (2003) and has been incorporated 
as a supplementary classification to tlie NWI 
in the Federal Geographic Data Committee 
Working Draft Wetland Mapping Standaid to 
predict wetland functions, better characterize 
wetlands, and to provide salient information to 
policymakei's (FGDC Wetland Subcommittee and 
Wetland Mapping Standard Workgroup 2007). We 
slightly modified die original Tinei' (2003) system 
(Appendix 2) and have incoiporated its use in 
all wetland mapping completed by the Montana 
Wetland and Riparian Mapping Center Since it is 
flindamentally a hydiogeomoiphic system (Brinson 
1993) we refer to it by the HGM acronym. 

An HGM approach emphasizes die abiotic setting 
which strongly influences wetland functions 
witli wedand classification based on geomoiphic 
setting, hydi'odynamics, and water source (Brinson 
1993). However, tliis classification system lacks 
information about significant site factors coded 
in the NWI classification like water regime and 
vegetation, which influence functions like habitat 
value, sediment retention, and nutrient cycling. 
Using botli systems results in a more accurate 
assessment of wetland functions and gives users 
more insight into the value and characteristics of 
wetlands. 

Tlie NWI classification system (Cowardin et 
al. 1979) is hierarchical (Appendix 1). Tlie first 
level. System, has only tliree categories in our 
study area: Riverine (wetlands within a river 
channel), Lacustiine (generally lakes over 20 
acres), and Palustine (everytliing not in tlie two 
otlier Systems). See Cowardin et al. (1979) for 
full definitions. Lacustiine includes Limnetic and 



Littoral Subsystems. Riverine Subsystems in oui' 
area include Lower Perennial, Upper Perennial, 
and Intermittent. Tlie Palustrine System lacks 
Subsystems. Palustiine Systems and the Lacustiine 
and Riverine Subsystems aie furtlier subdivided 
into Classes (see Appendix 1). 

Tlie HGM classification (Appendix 2) first 
chaiacterizes wetlands by landscape position and 
differs fi'om the NWI for some classification types 
tliat seem similai' in both systems. For example, die 
NWI nanowly defines riverine wetland as tliose 
wetlands contained within the channel, widi minor 
exceptions (Cowardin et al. 1979), then recognizes 
subsystems sinulai' to tlie HGM classification 
(Lower Perennial, Upper Perennial, Intemiittent, 
etc.). The HGM classification recognizes that 
wetlands are stiongly influenced by die broader 
landscape setting, Uius a river wetland does not 
have to be witliin the channel, only associated 
wiUi a river and Uie dynamic ecological processes 
operating in Uiat landsc^e setting. FurUier HGM 
classification subdivision refines landscape position 
and identifies water flow direction. Additional 
modifiers are incorporated for watercourse 
gradient, intemiittent flows, and dams (see 
Appendix 2). 

Wetlands and deepwater types comprise 1 .1% of 
die total study area. The flooded beds and shores 
of rivers are the most common NWI wetland 
type (34%), followed by wetlands widi emergent 
vegetation (26%), deepwater habitats (13%), and 
wetlands with shnib vegetation (12%) (Figure 3). 
Forested wetlands aie very uncommon, only 15 T 
acres were mapped. 

The HGM classiflcation more strongly emphasizes 
die association of most wetlands widi watercourses, 
74% of all wetlands aie coupled to these settings 
(Figure 4). Terrene wetlands, suiiounded by 
uplands and not located on floodplains (Appendix 
2), comprise 12.2% of all wetlands. Alarge 
majority of all Teirene wetlands (93.3%, totaling 
1 ,806 acres) aie isolated wetlands (Figure 5), which 
may not be subject to wedand regulations. Slope 
wetlands occur wheie groundwater discharges, 



typically at a topographic break, and may have high 
productivity, diverse native plant communities, and 
habitat for plant Species of Concern iii our region 
(Jankovsky- Jones 1999b). Only 37.7 acres of slope 
wetlands weie mapped in oiu' study aiea (Figme 6), 
but, due to tlieir potential conservation value, tliis 
wetland type is recommended for further biological 
review. 
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Figure 3. Distribution of National Wetland Iiwentoiy (NWI) 
t}'pes {to NWI System Isvelfor Riverins, Subsystem level for 
Laciistrine, and Class level for Paliistnne) within the study 
area. Values are in acres followed by the type percentage of 
total wetland area. See Appendix I for afidl summary of NWI 
type classification. 
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Figure 4. Distribution ofhydrogeomoiphic (HGM) types (see 
Appendix 2} within the study area. Values are in acres followed 
by the type percentage of total wetland area. 
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Figure 5. Distribution of terrene hydrogeomoiphic (HGM) 
t^pes (see Appendix 2) withm the st\tdy area. Values are in 
acres followed by the type percentage of total terrene wetland 
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Figure 6. Distribution of slope hydrogeomoiphic {HGM} t)pes 
(see Appendix 2} within the study area. Values are in acres 
followed by the type percentage of total slope wetland area. 



See Coopei^ et al. (1999) for a key and fiill 
description of upland and wetland vegetation 
associations occuning iii tlie aiea. Pierce and 
Jensen (2002) provide a guide to aquatic plant 
communities. 

Lacustrine and Deepwater Types 
Lacusti'ine deep and shallow water habitats 
comprise 1 6% of all wetland and deepwater area 
(Figure 3). Most of tliat area is deepwater (Figure 
7), including a few laige reservoirs (Figure 8). Tlie 
vegetated aquatic plant communities have been 
classified for this area by Pierce and Jensen (2002) 
and include a variety of submerged, floating, 
and emergent plant species. Considerable annual 
and seasonal water fluctuations occur in these 
reservoirs resulting in a variable percentage of 
types at any given time. 
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Figure 7. Distribution of Lacustrine National Wetland 
Inaentoiy (NWIj types within the study area. Values are in 
acres followed by the type percentage of total Lacustrine 
wetland area. SeeAppendix ! for afidl siunmaiy ofNWIUpe 
classification. 




Figure 8. Lake Como reservoir. 



Riverine Wetlands 

Most of tlie NWI riverine type {defined as witliin 
the cliaiinel) acreage is tlie Lower Perennial flooded 
beds and their shores (Figure 9). Tlie percentage 
of these two acreages will fluctuate considerably 
seasonally and annually due to the size of flows 
in the Bitten'oot River, tlie only Lower Perennial 
river classifled in our study ai'ea otlier tlian a few 
miles of tlie Claik Fork River. The Bitteiroot River 
shores and bottom aie mostly coarse textured with 
sands and gravels predominating (Figuie 10). Water 



velocities are relatively high and aquatic vegetation 
is not coininon. Tlie shores may be sparely 
colonized by vegetation during tlie dry season 
but seasonal high water flows prevent pemianent 
vegetation fiom establishing. Flooded beds and 
shores of tributaries of tlie BitteiToot River like 
tlieLolo Creek or die West and East Forks of die 
BitteiToot River comprise the Upper Perennial 
types. Tliese fast moving rocky rivers also have 
considerable seasonally and annual water level 
fluctuations with a changing percentage of aquatic 
beds and shores. Excavated iirigation ditches aie 
common in tlie lower valley and total 443.8 acres. 
Intermittent streambeds aie often too small to map 
but occur regulai'ly in the higher elevations. 
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Figure 9. Distribution of Riverine National Wetland Invento/y 
{NWI} types within the study area. Values are in acres followed 
by the type percentage of total Riverine wetland area. See 
Appendix 1 for afidl summaiy of NWI type classification. 




Figure 10. Bitterroot River with topical extensive gravel bars. 
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Palustrine Emergent Wetlands 
Mo,^ emergent wetlands are found on tlie 
valley bottom (Figure 11). Many occur due to 
groundwater dischaige from die sunounding 
mountains, but emergent wetlands aie also 
common iii tlie ripaiian conidor of the Bitteiroot 
River. About 20% and 830 acres of emeigent 
wetlands have been created by humans; less than 
5 acres have been created by beavers (Figure 
12). Tliese wetlands have been developed by 
excavation, impoundment or ditching - piiinaiily 
for agricultural puiposes like flood inigation for 
greater forage production, but tliese wetlands aie 
also commonly associated widi created ponds. 
Most emergent wetlands are diier (Figure 12), and 
classified as temporariiy or seasonally flooded. 
Tlie water table is typically only near tlie surface 
during tlie spring and eai1y summer. Tliese diier 
valley bottom wetlands aie typically managed as 
pastures; many have been seeded, fertilized or 
oUierwise disturbed. The resultant vegetation is 
typically dominated by a mix of native sedges and 
nonnative pasture grasses. Nebraska sedge (Carex 
nebrascemis) is the most common native sedge on 
these diier sites. Tliese types are often bordeiline 
wetlands and represent tlie most problematic type 
to accurately map. 
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Figure 11. Painstrme emergent wetland on the Bitterroot 
River Valley floor. 



Figure 12. Distnhidion ofPahistnne em eigent National 
Wetland Inventoiy {NWI} t\'pes within the stitdy area. Values 
are in acres followed by the t}-pe percentage of total Palustrine 
emergent wetland area. Drier wetlands are classified as 
temporary or seasonally flooded. See Appendix 1 for a fidl 
swnmajy ofNWItype classification. 



Eiiieigent saturated wetlands are more common 
in higher elevations where water levels near tiie 
surface aie maintained by groundwater dischaige or 
stable lake water levels most of tiie year. Organic 
soils often develop and fonn peatlands (Figure 13). 
Tliese types aie not common in Montana (Chadde 
et al. 1998). Additionally peatlands support a 
large number of raie taxa and are consequently 
of great conservation value (Jones 2003). Forty 
plant Species of Concern, constituting 9% of tlie 
Montana's rare flora, are associated with peatlands, 
as is one animal, the Northern Bog Lemming 
{Synaptomys boreohs) (Jones 2003). Wliile not all 
of the 568 acres of saturated emergent wetlands 
are peatlands, this mapping represents a valuable 
resource for botanists to better survey tiiese 
habitats. Laige sedges like beaked sedge (Carex 
ntriculata) and inflated sedge {Carex resicarid) 
will dominate saturated wetlands with greater water 
table fluctuations. Wetlands witii more constant 
high water tables aie less common and are more 
likely to provide habitat for Montana plant Species 
of Concern. Tliese sites often are dominated by 
Sphagnum moss species with intemiixed sedge 
species like slender sedge {Cai-ex lasiocarpd). 
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Figiire j'5. Pcd'istriue Siitiii\ited emergent wetland (peatland) 
in lipper Lolo Creek watershed. 



Flooded emergent wetlands are less common. 
Beaked sedge and inflated sedge occur in tliese 
habitats but cattails (Typlia spp.) and/or reed canaiy 
grass {Phalaris m-undinacea) often dominate, 
especially in disturbed areas or sites with high 
nuti'ient loading. 

Palustrine Shrub and Forested Wetlands 
Most shrub dominated wetlands have a di ier water 
regime, classified as temporaiily or seasonally 
flooded (88%, Figure 14). Avariety of willows 
species (Solix spp.) typically dominate tliese types 
wiUi common mountain alder (Abuts incana) 
and red-osier do^ooA{Cormts stohnifero). 
Shiiib wetlands with saturated water regimes can 
accumulate organic soil and become peatlands with 
a chai'act eristic peatlaiid vegetation community. 
Beaver activity creates some shrubby wetlands; 
Uiese often form at Uie upsti'eam area of a beaver 
pond or between ponds in a complex of ponds 
(Figure 15). While ripaiian forests aie common, 
few forested wetlands were mapped; quaking aspen 
(Poptihis tremuhides) was the typical dominant 
ti'ee. 
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Figure 14. Distrihidion of Pahistrine shnib National Wetland 
Inventoiy {NWI} types within the study area. Values are m 
acres followed by the type percentage oftotal Palustrine shrub 
wetland area. Drier wetlands are classified as temporary or 
seasonally flooded. See Appendix I for a full siimmaiy of NWI 
t)pe classification. 




Figiwe 15. Pahistriite shiiib wetland associated with a beaver 
pond in the upper Lolo Creek watershed. 



Palustrine Ponds 

Ponds and tlieir associated shores (NWI aquatic 
bed, unconsolidated bottom and shore classes) are 
9% of the total wetland aiea (Figure 3). Human 
created ponds are veiy common, totaling about 
70% of all ponds (Figure 1 6) . Beaver ponds aie not 
common, and comprised only 5.2 acres in tlie entiie 
study ai'ea. Most ponds were classilied as vegetated 
witli aquatic plants. Pond vegetation is variable and 
often sti'ongly zoned due to the interaction of plant 
species and variable deptlis of water. In shallow 
areas vegetation is similar to tlie species occuning 
in flooded emergent wetlands. Deeper water areas 
have submerged or floating species. 
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Figure 16. Distnbidion of Pahistnne pond National Wetland 
Inventory (NWI) types (aquatic bed, uficonsohdated bottom 
and shore classes) within the stiidy area. Vahies are m acres 
followed by the t)'pe percentage of total Palustrine shmb 
wetland area. SeeAppendix 1 for a fidl siunmaty ofNWIUpe 
classification. 



Ecological Functions 

Awide variety of weMaiid ecological fLinctions 
have been identified within various assessment 
metliodologies (Sheldon et al. 2003). Regional 
chaiacteristics and management needs often 
fonn the rationale for identifying, grouping, 
or subdividing functions, but most can be 
grouped into tliree main categories: liydiologic, 
biogeochemical, and habitat (Adamus etal. 1991). 
All these fiinctions will be strongly influenced 
by enviromnental factors at the wetland site or 
landscape scale. An emphasis on tlie primacy of tlie 
abiotic setting led to tlie development of tlie HGM 
classification where wetlands are classified by their 
geomorphic setting, hydio dynamics, and water 
source (Brinson 1993). However, this classification 
system lacks infoniiation about significant site 
factors coded in tlie N\V1 classification like water 
regime and vegetation, which influence fiinctions 
like habitat value, sediment retention, and nutrient 
cycling. Incorporating tiie infomiation inheient 
in both systems will result in a more accurate 
assessment of wetland functions. 

Our landscape approach to a fiinctional analysis 
benefits fiom an emphasis on fine-scale mapping 
fliat inte^iates the infonnation inherent in botli 



tiie HGM and the NWI classification systems. 
However, we lack Uie site-specific assessment 
inherent in Uie HGM approach where the condition 
of an assessed wetland is evaluated to reference 
wetland functions (Brinson 1993). Condition can 
significantly affect wetland functions; we have no 
way of assessing condition across our landscape of 
wetlands. Many functions also depend on landscape 
context. The juxtaposition of suiTounding wetlands, 
water bodies, upland types, and land use will all 
affect how wetlands fiinction. We have established 
elevation values for individual wetland polygons 
as a way to integrate tiie elevation gradient, which 
is probably tiie most important ecological giadient 
in our area, but we have not attempted the complex 
task of chaiacterizing and evaluating tiie impact of 
tiie local mosaic of land uses and vegetation types 
on wetland function. Not all functions will vaiy 
witii elevation; we selectively applied an elevation 
weighting to a subset of functions. 

We identified 10 ecological fiinctions: 1) water 
storage and fiood peak modification, 2) stream 
fiow maintenance, 3) ground water recharge, 
4) nuti'ient cycling, 5} sediment retention, 6} 
shoreline stabilization, 7) native plant community 
maintenance, 8) ten'esti'ial habitat, 9) aquatic 
habitat, and 10) conseiTation of wedand 
biodiversity. 

Tlie NWI classification (Cowardin et al. 1979, 
Appendix 1) has several water regime modifiers. 
For tiie purpose of this functional assessment, we 
grouped these modifiers into two groups, ^'wetter'' 
and "drier". Tlie wetter group has suif ace water 
present tiiroughout most of tiie year and includes 
semi-peniianently fiooded, pemianently fiooded 
and saturated water regimes. Tlie drier gioup 
usually does not have surface water during the 
di'ier seasons and includes seasonally flooded and 
temporarily flooded water regimes. 

Functions Related to Hydrology 
Hydi'ologic issues aie of great concern in our 
study ai'ea and across tiie West. We identifled 
tiiree hydrology wetland functions tiiat modify 
peak flood flows, maintain watercouise flows, and 
provide groundwatei' recharge. Figure 17 displays 
peiformance levels for this group of hydrologic 
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figure 17. litiLdy area map of wetland combined hydvoiogic junctions . ^00 m grid ceils reflect wetland types coded Jor 
3 hydrolog}' fiitictional perfoiinance levels midtiphed by cell wetland t)pe acreage. Red is highest performance level, 
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functions. Uplands also provide tliese hydrologic 
functions, no attempt was made to estimate upland 
functions. Functional perfonnance levels for 
hydrology follow the concentiation of wetlands in 
riparian and valley floor locations. 

Water Storage and Flood Peak Modification 
Wetlands intercept and store ninoff by spreading 
flows over a large flat area, resulting in reduced 
water velocities and slower discharges over long 
periods of time (Mitsch and Gosselink 2000). 
Tlie result can be cost-effective flood control, 
and in some instances Uieir protection has been 
recognized as less costly than flood-control 
measures such as reservoirs or dikes (Carter et 
al. 1979). A strong conelation exists between 
Uie size of flood peaks and basin storage (lakes 
and wetlands) in many parts of the United States 
(Carter 1996). River hydi'ology in much of the 
Intermountain West including oui" study area 
is strongly influenced by snowmelt with peak 
flows in eaily summer and recun'ing flood events 
(Hubert 2004). Approximately 55% of runoff in 
the Bitterroot River occurs during May and June 
(McMurtiey et al. 1972). Lowering peak flow 
discharges and reducing water velocity will protect 
human developments near or on the floodplain. 

Tlie effectiveness of wetlands for tiiis function 
relies on the available storage capacity season, and 
soil pemieability (Carter 1996). Storage capacity 
refers to Uie space available for watei' storage, tiie 
higher the water table, Uie less Uie storage capacity 
of a wetland (Carter 1996). Drier wetlands will 
geneially perfonn this function at higher levels 
than wetter wetlands due to a gieatei" storage 
edacity. 

Landscape position is important for Uiis function. A 
review of reseaich showed that floodplain wetlands 
reduce or delay floods (23 of 28 studies), but 
headwater wetland types often do not perform Uiis 
function (36 of 66 studies) (Bullock and Acreman 
2003). A substantial minority of Uiese headwater 
types (27 of 66 studies) increased flood peaks 
(Bullock and Acreman 2003). Wetland types with 
a connection to Uie river system had mixed results 
and Uie few studies about wetlands with no river 



system connection indicated a positive influence 
(Bullock and Acreman 2003). Sheldon et al. (2003) 
believe Uiat lacustrine fringe, flats, and slope 
wetlands probably do not peifomi Uiis function 
as well as riverine and depression types. Adamus 
et al. (1991) consideis fi'inge and island wetlands 
less likely to alter floodflows and wetlands without 
outlets more likely to alter floodflows Uian those 
wiUi outlets (Adamus et al. 1991). 

Vegetation will slow water velocity, allow more 
overbank storage and reduce the potential for 
water erosion damage. In a HGM assessment for 
forested wetlands, Klimas et al. (2004) selected 
vegetation ground cover, tree density and woody 
debris density as rapid assessment indicators 
(along with flooding frequency) for watei' storage 
and floodwater velocity reduction. Forested or 
scrub-shiiib wetlands are more enable of altering 
floodflows than other types of vegetated wetlands 
(Adamus etal. 1991). 

We identifled landscape setting, watei" storage 
capacity, and wooded vegetation as Uie most 
important factors in rating effectiveness for Uiis 
function. Deepwater types and all non-wooded 
wetland types (other Uian those in basins) wiUi 
wetter water regimes were rated low since Uiese 
types will have little storage capacity available. 
Drier slope wetlands were also rated low for Uie 
same reason, wiUi the exception of wooded slope 
wetlands which weie rated moderate. All basin 
outflow wetlands were rated low since Uiese 
wetlands are likely sources of discharge. Drier 
basin inflow or tenene isolated wetlands were 
rated high since these wetlands will keep runoff 
fiom reaching watercourses. Basin wetlands with a 
wetter water regime were rated moderate because 
Uiese likely have some storage capacity available 
due to Uieir landfomi even if the water table is near 
Uie surface. All oUier drier wetlands were rated 
moderate unless wooded, which were rated high 
if associated with thioughflow locations where 
Uiese types aie likely to slow floodwater velocities. 
Qeated wetlands were rated low for Uiis function 
because of the minimal watei' storage capacity 
present due to typically high water levels. 
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Streanfiow Maintenance 
Stieaiiiflow is supported when wetlands discharge 
stored water. In our study area small wateixourses 
often go dry during the summer and largei' riveis 
can experience low flows and wanner water 
temperatures due to reduced discharge and 
witlidi'awals. While streamflow maintenance is 
commonly regarded as a wetland ftinction, the 
importance of tiiis function in wetlands compaied 
to the suiTounding landscape is uncertain, hi a 
review of research, Bullock and Acreman (2003) 
reported that floot^lain wetlands were tlie types 
most likely to support dry season flows, but a 
majority of Uiese types and all otiier wetland types 
studied (47 of 71) diminished ratiier than sustained 
dry season flows (Bullock and Acreman 2003). 

Floodplain aquifers can store floodwater and 
support streamflows later in the season (Bmnet et 
al. 2003, Hubert 2004). hi mountainous headwater 
stieams, floodplains aie often nanow witii litde 
alluvium and Uiere is little capacity to store water 
(Hubert 2004). However, deeper alluvial deposits 
like we have in tiie lowei" valley can stoie watei" at 
high flows and later release water into tiie channel 
at low flows (Hubert 2004). Substrate permeability 
will affect bank storage; gravel floodplains may 
di'ain in days while fine-textured floodplains may 
hold water for yeais (Tiner 2003). Our floodplains 
mostly contain coarse textured substrates. 

We rated the non-vegetated unconsohdated shores 
of floodplain wetlands high for Uiis fiinction. Other 
floodplain or perennial watercourse associated 
wetlands were rated moderate due to the potential 
for considerable water loss through vegetation 
transpiration and/or evaporation in our dry climate. 
Basin wedands where sti'eams entered but did not 
exit were rated low as were all otiier wetlands. 
Created wetlands were rated low because 
ev^oration rates will be high in our climate and 
tiie net result for streamflow maintenance is likely 
minimal or negative. 

Groundwater recharge 

Rechaige occurs when wetlands retain precipitation 
and surface flows that later infiltrate into tiie 
groundwater (Sheldon etal. 2003). Most wetlands 
are primaiily aieas where giound water reaches tiie 



surface and discharges, but ground watei' recharge 
can also occur (Carter 1996). Rechaige also 
takes place thiough the bottoms of some streams, 
especially in tiie arid West, and when floodwater 
moves across the floodplain (Carter 1996). 
Wetlands that are not pemianently flooded are more 
likely to rechaige ground water; in precipitation- 
deflcit regions like oui" study area, permanent 
water likely indicates giound water discharge 
(Adamus et al. 1991). Bullock and Acreman (2003) 
reviewed research on giound water recharge in 
wetlands and found that wetlands on floo<^lains 
or in depressions without a connection to tiie river 
system weie the most likely to recharge giound 
water. The evidence of ground water recharge 
in other wetland types was mixed: recharge 
was measured in some studies but not in others 
(Bullock and Acreman 2003). 

Adamus et al. (1991) concluded that ground 
water flow rates under the wetland, the storage 
capacity of the wetland, water movement within 
tiie wetland, and evapotranspiiation were the 
most important site factors associated with tiiis 
function. Ground watei' flow rate will depend on 
tiie elevation of tiie wetland relative to ground 
water, tiie mass and pressure of the watei' and 
tiie characteristics of the undeilying sediments 
and substiates (Adamus et al. 1991). Areview of 
research indicates there is strong evidence tiiat 
wetlands evaporate more water than otiier land 
types (Bullock and Acreman 2003). Wedand 
vegetation will also transpiie water, resulting in 
less water available for rechaige compared to non- 
vegetated wetlands, but other factois such as tiie 
impact of vegetation on snow interception and 
reducing evapoti'anspiration by providing shade 
and leducing wind speed and temperature may 
result in litde influence of vegetation on overall 
watei' loss (Adamus et al. 1991). 

The ground water recharge function of wetlands 
is complex and can change with season and 
location within an individual wetland (Adamus et 
al. 1991). Tliis function is difflcult to accurately 
assess but ground water quantity is a concern 
in our study aiea and all wetland types do not 
perform equally for this function. Wetlands on our 
coai'se textured and permeable floodplains may 
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represent the most predictable areas of giound 
water recharge; we rated tliese types high along 
witli other wetland types associated witli low 
gradient rivers and stixams. Many of our smallei^ 
and steeper gradient watercourses do not have 
well developed floodplains: these wetlands were 
rated moderate unless coded as floodplain types 
(rated high), associated witli an intemiittent stream 
(rated low), or an inflow basin (rated like isolated 
wetlands) . We rated wetlands isolated fi om the 
river system with a diiei' water regime as high and 
moderate if wetter. Tlie pressure head created by 
lakes will facilitate rechaige. Wetlands associated 
witli lakes were rated high unless in fi'inge and 
island locations which are least likely to recharge 
groundwater (Adainus etal. 1991); these were 
rated low. Created wetlands were rated low because 
evaporation lates will be high in our climate so 
net ground watei' recharge is likely minimal . 
Altliough gi'ound water recharge may geneially 
occur at highei' elevations (and discharge at lowei" 
elevations), we considered this fiinction elevation 
neutral since tlie valley bottom has porous alluvial 
soils that may better capture giound water than tlie 
bedrock-dominated mountains. Also, this fiinction 
is more important in the valley bottom due to 
groundwater demands. 

Functions Related to Biogeochemical 

Processes 

Wetland biogeochemical fiinctions sti'ongly 
influence water quality Uirough nutrient cycling, 
sediment retention, and shoreline stabilization. 
Figure 18 represents tiie concentration of tliis group 
of fiinctions on our study area landscape. These 
fiinctions are strongly concentrated along riparian 
areas. 

Nutrient Cycling 

Nutrient input from anthropomorphic activities can 
have a niajoi" detrimental impact on water quality. 
Areview of reseaixh reported Uiat 80% of wetlands 
studied retained nutiients (Fisher and Acreman 
2004). Wetlands aie so efficient that tiiey aie 
sometimes used as wastewater treatment facilities 
by municipalities. Phosphoms and nitrogen are 
die nuti'ients of gieatest importance (Hauer et al. 
2002). Major processes that affect nutrient cycling 



include biological uptake, sedimentation and 
accumulation of organic matter, adsorption and 
nuti'ient interactions wiUi sediments, and chemical 
and microbial processes (Adamus etal. 1991). 

Phosphoms occurs in a sedimentary cycle and is 
retained in wetland living or dead organic material 
and inorganic sediments (Mitsch and Gosselink 
2000). Since the P in living plants will eventually 
be released, tiie only long-temi capture of P will 
depend on the accumulation of organic mattei' and 
sediments, although the capture of P by vegetation 
may have seasonal water quality benefits. To 
maximize P removal, tiie weUand substrate should 
be aerobic to minimize sediment P release and 
allow P binding to Fe and Al (Fishei' and Acreman 
2004). 

Wetland lemoval/ietention of N is dependent on 
organic matter accumulation as an eneigy souice 
for denitrifying bacteria (denitrification) and 
for retaining organically bound N (nitiification) 
(Anderson and Mitsch 2006) . Denitiification is a 
critical process because it results in the removal 
ratiier than retention of N (Adamus et al. 1991). 
Nitrification will occur in aerobic conditions 
while denitrification requires anaerobic bacteria 
(Mitsch and Gosselink 2000). Both processes can 
occur in wetlands with a fluctuating water table 
tiiat creates aeiobic and anaerobic conditions. A 
research review indicated N loss was maximized by 
fiuctuating water tables or the close juxtaposition 
of aerobic and anaerobic zones in the sediment 
(Fisher and Aaeman 2004). Wetlands witii these 
variable environments are best able to recycle N 
and otiier nutrients (Tiner 2003), altiiough wetlands 
witii a wetter water regime generally aie more 
effective tiian diier wetlands (Adamus et al. 1991). 
In wetlands, most N is stored in organic sediments 
(Keddy 2000). High organic soil content is 
usually associated witii wetter NWI water regimes 
(Tiner 2003). Verhoeven et al. (2001) identifies 
water-table fiuctuation and soil organic matter 
as indicators expected to predict nuti'ient-related 
process rates well. 

Landscape position and vegetation will also 
infiuence nutiient cycling. Since fioodplain 
wetlands essentially collect water fi^oni the 
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rest of the landscape, tliey will receive higher 
nutrient loadings per wetland aiea (Leibowitz 
2003); loading rates and duration are key factors 
influencing nutiient retention (Fisher and Acreman 
2004). Olde Venterink et al. (2006) found sediment 
deposition was a major souixe of NandP in 
floodplain communities; sites with tlie highest rates 
occuired where vegetation or surface elevation 
drops (like ponds) tiapped sediments. Wetlands 
wiUi inlets will peifonn Uiis function better than 
those wiUiout inlets, wetlands wiUi no outlets will 
also be more effective (Adamus et al. 1991). Plants 
will accumulate N and P which will eventually 
be released when Uie plants decay howevei' this 
process may take many decades if nutiients aie 
incorporated into woody vegetation. Hauer et al. 
(2002) used heibaceous and woody vegetation 
cover, tree density, and soil organic factors in tlieir 
model for nutrient cycling in the NorUiem Rocky 
Mountain regional HGM guidebook for assessing 
wetland functions of riveiine floodplains. 

Qeated wetlands may not function in tiie same 
edacity as natural wetlands for soil related 
functions like nutrient cycling (Stolt et al. 
2000). Conservation of P by wetlands is laigely 
regulated by geochemical processes which operate 
independently of succession (Craft 1997). In 
contrast, the conseiTation of N is controlled by 
biological processes (organic mattei' accumulation, 
denitrifi cation) tiiat change as succession proceeds 
(Craft 1997). Sediment and P retention can occur 
at high rates in the flist few years after construction 
tiien may approximate natural wetlands ovei" time, 
at least in some systems (Anderson and Mitsch 
2006). Removal of Nthiough denitiification is 
controlled by tlie build-up of organic matter over 
time (Anderson and Mitsch 2006) and constructed 
wetland can have lower organic carbon and 
nitrogen reserves even aftei" 25 years (Ciaft et 
al. 1999). Clay and silt peicentage may also be 
lower (Stolt et al. 2000), limiting P adsorption 
which piefeientially occurs on these finer textured 
minerals (Mitsch and Gosselink 2000). Vegetation 
also improves wetland nutiient cycling (Tiner 
2003), and constructed wetlands may not be 
well-vegetated, at least during the eai1y years of 
succession. 



We based this rating primaiily on vegetation, water 
regime, human alteration, and landscape position. 
Vegetated wetlands with wetter watei' regimes 
weie rated high and diier wedands moderate. Non- 
vegetated sites were rated one class lowei" for types 
oUierwise similar. Created wetlands were similaily 
rated one class lower than oUierwise compaiable 
wetlands due to uncertainty about site conditions 
and age since constiuction. Isolated and inflow 
wetlands were rated one class higher than similar 
types in other landscape positions since nutrients 
will likely be sequestered for longer periods than 
wetlands connected to tiie stream network. We 
applied tiie elevation modifler to favor lower 
elevation wetlands since valley bottom wetlands 
will receive more nutiient loading (Leibowitz 
2003), and low gradient wedands can retain or 
ti'ansfomi relatively more nutrients (Adamus et al. 
1991). 

Sedunent Retention 

Sediments deposited in wedands are removed fi'om 
surface flows, theieby improving downstream 
water quality (Sheldon et al. 2003). Additionally, 
the sediments may be bonded with nutiients or 
heavy metals resulting in flirthei' water quality 
benefits if captured (Tiner 2003). Wetlands can be 
very effective in lemoving sediment; one study 
reported that watersheds with only 5% of their area 
in wetlands tr^ped up to 70% of the sediment 
(Novitzki 1979). Our study area has considerable 
potential for sediment movement since forest flres, 
logging, and roads are common. 

Areview by Sheldon et al. (2003) identifles 
tiie residence time of the water, wind and wave 
action, sediment characteristics, and vegetation 
as the important factors that influence sediment 
deposition. Wetlands witii inlets aie more likely to 
be effective tiian those without inlets and wetlands 
witii giadual gradients are more likely to retain 
sediments than tiiose with steep gradients (Adamus 
etal. 1991). Vegetated types will ti'ap paiticles 
better than non-vegetated types (Tiner 2003} and 
forested, scrub-shrub, or emergent vegetation 
types a!'e more likely to stabilize sediments than 
unvegetated or aquatic bed wetlands (Adamus et 
al. 1991). However, basin morphology is probably 
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a better predictor of sedimentation rates than 
vegetation (Adamus etal. 1991). Depressions witli 
no outlet will be effective as will lacustrine fi'inge 
wetlands (Sheldon et al. 2003). Slope wetlands may 
c^tuie some sediment due to tlieir typically dense 
vegetation (Sheldon et al. 2003). Riverine systems 
typically cany large quantities of suspended 
sediments and offer more opportunity for retention 
in associated wetlands (Adamus et al. 1991), 
altliough isolated wetlands will retain sediments 
indefinitely. Wetlands witli longei' seasonal flooding 
are more likely to retain sediments, as are shallow 
wetlands (Adamus et al. 1991). 

We rated floodplain, inflow, outflow and 
Uiroughflow wetlands high for this fiinction 
unless they were unvegetated, these were rated 
moderate except for streambeds and unvegetated 
shores, which were rated low. Bi-directional 
water movement wetlands were rated moderate 
unless they were unvegetated and Uien rated low. 
Deepwater types were rated high if connected to 
Uie stream system. Isolated wetlands were rated 
moderate. Wetlands associated wiUi intemiittent 
stieams were rated one class lowei' than tiiose 
associated wiUi perennial stieams. 

Shoreline Stabilization 
Watei' diiven by waves and cunents can eiode 
shores and increase sediment and nutrient loads 
to water bodies. Woody vegetation, especially 
deeply rooted trees, protects banks from erosion. 
In our area, erosion is most active along streams 
and rivers. Forested floodplain and thioughflow 
locations weie rated high, shrubby wetlands in the 
same setting weie rated modeiate, and all oUier 
areas were rated low. 

Functions Related to Habitat 
Wetlands represent important habitats for a variety 
of plant and animal species, especially in the arid 
West, where wedands are relatively uncommon. 
We recognized two wetland functions primaiily 
focused on vegetation, and two animal habitat 
functions. WeUand ecological integiity, also 
called wetland condition or healtii, can strongly 
affect ecological function, especially witii habitat 
functions. The sun'ounding landscape matiix is also 
important in determining wetland habitat value, 



but is difficult to evaluate. Landscape performance 
levels for wetland habitat functions aie summarized 
in Figure 19. 

Maintain Native Plant Conmnmity 
Maintaining a native plant community is Uie 
capacity of the wetland/riparian type to sustain 
a native plant community that is appropriate foi" 
Uie type (Hauer et al. 2002). Certain types in our 
study area have largely lost this capacity since non- 
native species are established and dominant beyond 
reasonable contiol efforts. In our region, diier types 
are generally more likely to be dominated by non- 
native species. Floodplain environments lowest in 
the valley aie typically dominated by non-native 
herbaceous species due to widespread colonization 
sites created by tiie active disturbance regime 
and tlie water facilitated tiansport of propagules. 
There is a higher proportion of native vegetation 
if tiie type is shrub- or tiee- dominated since 
most nonnative plants here aie herbaceous. Tlie 
floodplains of smallei^ streams can have a diverse 
mosaic of plant communities (Jankovsky- Jones 
1999a) and a higher proportion of native species. 
Types at lower elevations are more likely to be 
invaded by nonnative plant species due to a more 
suitable habitat and more nonnative dispersion in 
Uie fragmented and well-roaded lower valley. 

AlUiough some flooded wetlands aie susceptible 
to domination by cattail (Typha spp.), we ranked 
all natural vegetated wetlands with wetter water 
regimes as high for this function since they 
typically contain a variety of native plant species 
dependent on this wet environment. Driei" shiiib 
or forested types were rated moderate. All created 
wetlands were rated low due to the susceptibility 
of these sites to invasive species aftei' disturbance 
and Uie variable management Uiey later experience. 
We applied the elevation modifier to rate higher 
elevation wetlands higher. 

Terrestrial Habitat 

Intermountain West wetland aieas and their 
associated riparian aiea matrix form essential 
habitats for a wide variety of animals (Lohman 
2004, Gammonley 2004) . Palustiine wetlands in 
Uie Intemiountain West are used by more than 
140 species of wetland-dependent andwetland- 
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Figure 19. Study area map of wetland combined habitat Junctions. 500 m grid cells reflect wetland types coded for 3 
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associated birds, 30 species of mammals, and 
30 species of reptiles (Gainmonley 2004). We 
distinguished teirestrial from aquatic habitat based 
on where the animals primarily live. 

Generalizations about why lipaiian areas aie 
so important to wildlife can be extended to the 
wetlands that fonn much of the riparian matrix. 
Brinson etal. (1981) identifies woody plant 
communities, stiiictural diversity, water and 
soil moisture, and the lineai' conidor shape as 
important habitat features of ripai'ian areas. The 
wide variety of species that use wetlands will vary 
in theii' needs for specific types of wetlands but 
some generalizations can be made. Water depth 
has an important infiuence on wildlife use, as does 
vegetation, although most foraging shorebirds and 
some breeding amphibians piefei' unvegetated or 
sparsely vegetated areas (Gammonley 2004). Tlie 
presence of water, at least during some of tlie year 
is important or essential for many species and 
tlie structural aspects of shrub and forested types 
provides food and cover for birds and mammals. 
Tlie gieater habitat stiiicture of woody wetlands 
also means they are more likely to support 
migrating and wintering wetland-dependent birds 
(Adamus et al. 1991). Many diier types in our 
area, especially at lower elevations, are used for 
cattle pasture and have low habitat value. Tliese aie 
typically emergent vegetation wetland types. 

Tlie value of created wetland habitat to birds 
is variable depending on habitat preferences. 
While waterfowl may benefit from tlie commonly 
constiiicted ponds, there will be reduced habitat 
value for bird species tliat used the original habitat, 
often emergent wetlands, before conversion. Laige 
water-level fluctuations associated wiUi artiflcial 
water control stnicture can also have detiimental 
impacts on habitats used by migrating and 
wintering wildlife (Adamus et al. 1991). 

We primai'ily based tliis rating on vegetation and 
water regime. Vegetated wetlands wiUi wetter 
water regimes were rated high. Woody vegetation 
associated wiUi a lake or peiennial stream was 
rated high, since water will often be nearby and 
adds to the oveiall habitat value. Woody vegetation 
not associated with a water sources was rated 



moderate. Drier wetlands lower in the landscape 
were rated low for tenestrial habitat. We rated 
island wetlands one class higher tiian otheiwise 
similar wetland types since these wetlands may 
have less predators and a close proximity to food, 
water, and cover for wetland-dependent birds 
(Adamus etal. 1991). Qeated wetlands were rated 
one class lower tiian comparable natural wetlands. 
We applied the elevation modifier to increase tlie 
rating at higher elevations since wetlands represent 
a relatively uncommon and important habitat 
component in Uie forest-dominated matrix. 

Aquatic Habitat 

In our relatively dry climate, the presence of 
water tliioughout most or all of the summer 
season is tlie most important factor for tiie fish, 
amphibians, and invertebrates that depend on 
Uiis habitat. Invertebrates convert vegetation and 
microorganisms into biomass Uiat fomis the food 
web for higher organisms (Sheldon et al. 2003) 
and may also be a good indicator group for water 
quality and otlier factors tliat influence aquatic 
habitat (Hauer et al. 2002). Areview by Sheldon 
et al. (2003) identified Uie presence of vegetation 
including decaying wood, permanently flowing 
water, and seasonal changes in water regime as 
important factors influencing invertebrate habitat. 

Declines of amphibian populations globally and 
in the Intermountain West have inaeased concern 
about this gioup. Site speciflc factors that may 
be important include the interspersion of open 
water and vegetation, stable watei' levels during 
spawning and hatching (Sheldon et al . 2003), and 
the absence of predatory flsh. Amphibian species 
richness is probably lelated to the airay of water 
depths and vegetation types (Keddy 2000). Rumble 
et al. (2004) reviews wildlife uses of created 
Palustrine wetlands and suggests that, although 
Uiese habitats beneflt some species of wateifowl 
and otlier wetland birds, Uiey may present a 
Uireat to amphibians if flsh are introduced, as 
is common in tiie recreational ponds of our 
areas. Additionally, created wetlands often have 
chaiacteristics different fiom natural wetlands 
like steep sides and stable high water levels 
(Kentula et al. 2004) that limit Uie plant zonation 
and diversity found in natural wetlands. Complex 
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vegetation stmcture and shallow water are critical 
to maintaining tlie diversity of flogs within the 
landscape (Rumble et al. 2004). Tliese factors, 
combined witli the intioduction of non-native fish, 
may lead to environments less suitable for native 
amphibians tlian for the invasive bullfl'og (Rana 
catesbeiana Shaw) (Kentula et al. 2004), which 
is a problem species in our aiea. Tlie review by 
Rumble et al. (2004) concludes tliat the relationship 
among herpetofauna, fish, and otiier wildlife in 
impoundments of tlie Inteiinountain West is poorly 
known. Unaltered wetlands aie also more likely to 
have a gieater diversity of fish and invertebrates 
than wetlands witli diastic aitificial water-level 
fiuctuations or tliose affected by excavation or 
otlier alterations (Adamus etal. 1991). 

Pennanent flowing water is important to 
maintaining fish habitat. Many Intemiountain 
West wetlands are unsuitable for fish due to 
intennittent water flows and otlier water quality 
reasons, although some seasonally flooded types 
may provide suitable habitat (Grammonley 2004). 
Woody vegetation enhances aquatic habitat by 
providing tliemial shade, woody debris, ten'estrial 
insects as a food source and nutiients tlirough leaf 
fall. Aquatic bed wetlands are more important 
aquatic habitats than unvegetated wetlands 
(Adamus etal. 1991). Fringe and island wetlands 
are located in an interface between upland and 
aquatic systems witli high habitat complexity 
and are relatively more important for fish and 
invertebrate habitat (Adamus et al. 1991). Most 
wetlands along tlie sti'eam netwoik probably benefit 
aquatic habitat thiough water quality and supply 
related fiinctions, altliough riverine wetlands 
witli low watei' velocities are more likely to have 
a gieater diversity and/or abundance of fish and 
invertebrates (Adamus et al. 1991). 

All natui al vegetated wetlands with a water regime 
tliat indicates surface water presence during most 
or all of tlie year weie rated high; similarly wet 
non-vegetated wetlands were rated moderate except 
for pemianently flowing rivei' and stream bottoms, 
which were rated high. Natural woody wetlands 
and diier fringe, shore and island wetlands 
associated witli water bodies were rated moderate 
for tliis function. Cieated wetlands were rated one 



class lower than otlierwise comparable natural 
wetland types. 

Consefvatiort of Wetland Biodiversity 
Tiner (2003) applied this function to wetland types 
tliat contiibute to preserving tlie natuial diversity 
of wetlands in a given watershed. Tliis function 
is important in maintaining a diveisity of habitats 
for plant species and animals. Uncommon wetland 
types will be rated high for tliis function as will 
wetlands that have a diveisity of different native 
vegetation types. In our area forested wetlands and 
saturated water regime wetlands are uncommon; 
we rated these high. Slope wetlands aie rated 
high since tliey are relatively uncommon in this 
region and aie reported to have high productivity 
a diverse anay of native plant communities, and 
habitat for plant Species of Concern (Jankovsky- 
Jones 1 999b) . Wetlands witli a wet water regime 
are relatively common, but often have a variety 
of vegetation types; we rated these moderate. 
Emeigent wetlands witli drier water legimes are 
rated low due to their common occurrence and 
typically degraded condition. Qeated wetlands 
were rated low for tliis function because these 
types aie unnatural and have low native plant 
diversity, often by design where steeply sloped 
sides maximize water holding capacity but limit tlie 
vegetation zonation typically present in a natural 
wetland. 

Wetland Change 

Overview 

Wetland change was estimated with a random 
sampling analysis and through a total review of 
beaver pond and human created wetland change. 
Table 1 summarizes wetland human change 
estimates derived fl'om our random sampling 
analysis. Appendix 4 details fiill statistical 
results including natural change estimates and 
confidence limits. Major changes include a 28.4% 
increase in pond (NWI Palustrine aquatic bed and 
unconsolidated bottom types) estimated acreage 
and a 22.0% decrease in Palustiine emergent 
wetland (PEM) estimated area. Wliile theie is 
a total estimated increase of 3 .6% in wetland 
area, there is considerable vaiiability in change 
estimates (see confidence limits. Appendix 4) and 
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Table I. Summaiy of wetland change due to human action from old NWI (1982, 1983, 
1984) to new NWI (2005). 





Estimated 

Aiea Old 

NWI 


Estimated 

Area New 

NWI 


Change 
(iiiAiea) 


Change 
(in Percent) 


LIUB 


1983.3 


1983.3 


0.0 


0.0 


L2UB' 


29.4 


902.1 


872.7 


2963.3 


L2US' 


78.5 


78.5 


0.0 


0.0 


PAB- 


1015.0 


1302.8 


287.8 


28.4 


PEM 


3411. S 


2659.9 


-751.9 


-22.0 


PFO' 


0.5 


0.5 


0.0 


0.0 


PSS 


1769.0 


1753.0 


-16.0 


-0.9 


PUS' 


80.1 


6.1 


-74.0 


-92.4 


R2UB 


2708.9 


2708.9 


0.0 


0.0 


R2US 


3193.1 


3422.3 


229.2 


7.2 


R3UB 


675.5 


675.5 


0.0 


0.0 


R3US 


247.8 


247.8 


0.0 


o.o 


Total 


15192.9 


15740.6 


547.7 


3.6 



' Uncommon types of low acreage. Change results are probably not representative. 
^ Includes PUB 



some sampHng anomaHeswithminoi types (e.g. 
L2UB). Confidence Hmits for total wetland change 
(Appendix 4) indicate that tlie amount of vaiiability 
in the sampling allow no firm conclusions about 
overall wetland change. Tlie large increase in 
ponds is discussed below. Much of tlie loss in 
emei'gent wetland aaeage is due to the conveision 
into ponds, altliough vaiious agricultural activities 
associated witli iirigation or livestock watering 
eliminated some emergent wetlands. A substantial 
amount of change ocoiired in tlie Lee Metcalf 
National Wildlife Refuge wheie emergent wetlands 
were converted into impoundments. 

Natural change in our area was oveiwhelmingly 
due to riparian dynamics creating and destioying 
wetlands in wetland-rich river fioodplains. Wliile 
there was a net estimated loss due to tliese natural 
causes, there was also considerable variability in 
these estimates (Appendix 4). A shifting balance 
of wetland types and total acreage can be expected 
along these ripaiian areas over tlie decades long 
time scale tliat may be necessaiy for periodic large 
fioods to aeate or renew wetlands. However, we 
noticed tliat theie are a total of 442 Clean Water 
Section 404 Progiam pemiits recorded witliin our 
study area, primarily witliin riparian corridors 
(Figure 1). It is beyond tlie scope of our study to 



analyze the effects of these pemiitted activities, but 
typical actions, like annoring banks witli rip-r^, 
may limit the ability of the river to maintain the 
same amount of wetlands on tlie floodplain. 

Beaver Created Wetlands 
Tlie 105 original beaver ponds comprising 26.1 
acres was reduced to only 23 ponds and 5.2 aaes in 
our new survey (Table 2). This is an approximately 
80% decrease in both acreage and tlie numbers 
of beaver ponds in approximately 20 years. Tlie 
aveiage size changed little and averages about 
0.25 acres. Beavers aie a keystone species witli an 
ecological role dispioportionate to tlieir numbers 
(Paine 1966) and play a key role in creating 
wetlands in tlie Intennountain West where natural 
ponds witli habitat for amphibians and aquatic 
reptiles are raie. Beaver activity also increases 
retention of sediment and organic mattei; modifies 
nutrient cycling and decomposition, infiuences 

Table 2. Sianmaiy of beaver pond changes in total study area 
based on wetland pond polygons. 



Data 
Source 


Beaver Pond 
Number 


Beaver Pond 
Acreage 


Beaver Pond 
Average Size 


Old NWI 


105 


26 1 


25 


New NWI 


23 


52 


D23 


Change [%) 


-8:[-73 1%) 


-20 9 (-80 1%) 


-a 02 (-0 1%) 
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water and materials transported downstream, 
modifies channel geomoiphology and hydiology, 
and changes habitat conditions (Naiman et al. 
1986). Dams caii remain active for periods of 
decades to centuries {Butler and Malaiisoii 1995) 
and create backwater wetland habitats that can 
have a diverse mix of vegetatioQ types and habitats. 
Presettlement North American beaver populations 
were estimated to be between 60 and 400 million 
(Seton 1929), but beavers were almost extinct in 
Noith America by 1900 due to trapping for theii" 
fur (Jenkins and Busher 1979). In tlieir journey 
through Montana, Lewis and Clark reported that 
the "streams of the Missouri near and within tliose 
mountains abound in beaver'' and "beaver is in 
every bend" of the Missouri River (University 
of Nebraska Press 2005) . Wliere beavers remain 
unexploited, tlieir activities may influence 20- 
40% of the total lengtli of 2^'^ to 5^ order sti'eams 
(Naiman andMelillo 1984). Tlie cunent North 
American beaver population is estimated between 
6 and 12 million (Naiman et al. 1986), a fraction of 
tiie original number wiUi a concomitant decrease in 
ecosj^stem fiinctions attributable to beaver activity. 

Beaver conflicts and complaints to the Montana 
Fish, Wildlife, and Parks Division have increased 
along with Uie increasing human population in 
the BitteiToot Valley (B. Giddings pers. comm). 
Humans are atti'acted to Uie same riparian 
environments as beavers, but humans aie often 
unwilling to accept the tree cutting and water 
damming activities of beavers. Available beaver 
haiTest data from Ravalli County (Figure 20) and 
Montana {Figure 21) shows a higli amount of 
vai'iability. Beaver harvest numbers are compiled 
fiom tiapper reports, but represent tiie best data 
available. We do not have data from Ravalli County 
for tlie statewide peak haiTcst period aiound 1980, 
but the tiiree highest haivest years in tiie mid- 
1980's occuired directly after our oldNWl baseline 
period (1982 - 1984). Statewide harvest levels 
generally follow tiie beaver pelt prices (Figure 22} 
due to increased tiapping activity. Ravalli County 
haiTest lows in the early- and mid- 1990's also 
followed low beaver pelt prices, although the late 
1990's and early 2000's increased haivest does 
not conelate well to tiie price level. Since beaver 
ponds can remain on tiie landscape for very long 



periods (Butler andMalanson 1995), they may be a 
good indicator of developing long-term trends that 
stalled before the period of our available haivest 
data. 



Estiimted HavalD CDUiiVBeiverHirvEst 



ff DllrappEra reporling 




Figure 20. Estimated Ravalli County beaver hai-vest data 
based on trapper reports. 
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Figure 21. Estimated Montana beaver haivest data based on 
trapper repoits. 




Figure 22. Montana beaver pelt prices. 
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Our study aiea includes considerable undeveloped 
land suitable for beaver habitat and it is surprising 
tliat beaver ponds and presumably tlie beaver 
population is so low in tlie Bitteiroot Valley. The 
keystone ecological activities of beavers and 
their role in creating wetlands in mountainous 
environments are especially important to tlie 
vai'iety of creatures diat depend on tliese wetlands. 
Associated benefits to downstream water quality 
aie also lost when beavers are removed from 
tlie landscape. Resource managers may wish to 
consider closer monitoring of beaver numbers 
and odier additional actions to protect and restore 
beaver populations. 

Hiiman Created Wetlands 
Created wetland and deepwater acreage increased 
34.8% during die 23 yeai' study time frame (Table 
3), but tliis figure includes Lacustrine types like 
deepwater reservoirs. When considering only 
Palustrine wetlands, there was a 74.7% increase in 
the number of human created wetlands witli 921 
new Palustrine wedands. These are virtually all 
small ponds witli standing water (Figure 23). These 
ponds have an average size of 0.9 acres and cover 
636.6 acres. 

Constructed wetlands are becoming more common 
in our study aiea and nationwide (Dahl 2006). 
Tliere is considerable uncertainty about how well 
die ecological fiinctions of these wetlands compare 
to natural wetlands, especially in consideration 
of regional variability. Tliis question becomes 
fundamental in any assessment of wetland status 
and tiends because losses in natural wetland 
acreage are now largely compensated by gains in 
constiiicted wetlands (Dahl 2006). Additionally, 




Figure 23. Excavated recreational pond common in the 
Bitter root Valhv. 



natural wetlands are often deepened or otherwise 
modified to create die standing water conditions 
favored by recreational pond owners so tiie natural 
wetland types fonnerly present and their ecological 
functions are lost. Q'eated wetlands may also have 
downstieam functional impacts that differ from 
tiiose of pre-constmction conditions. If constructed 
wetlands do not function like natural wetlands, then 
landscape wetland functions may still be lost even 
wiUi again in wetland acreage. 

Hwttan Created Ponds: Water Rights and Fish 
Stocking Penuits 

hidividuals need to apply for a water use pemiit to 
legally constmct a pond in Montana. A database 
was obtained from Uie Montana Department of 
Natural Resources and Conservation that detailed 
water right peimit locations in our study area. 
Tliere were 260 pennits in the database during Uie 
1982 to 2005 period of our wetland change study 
and 921 new palustiine ponds for a comphance 



Table 3. Siunmaiy of created wetland changes m total study area based on GIS analysis of •<■]■■ eft and polygons. 



Data 
Source 


Created 

Wetland 
Niunber 


Created 
Wetland 
Acreage 


Created Wetland 
Nmiiber 
(P*only) 


Created Wetland 
Acreage 
(P*oiily) 


Created Wetland 

Average Size 

{P*only) 


OldNWI 


1261 


2561.5 


1233 


1397.2 


1.1 


New NWI 


2179 


34_^3.8 


2154 


2033.8 


0.9 


Change (%) 


+91S 
(-1-72.8%) 


-FS92.3 
(-F34.8%) 


-H)21 
(-F74.7%) 


+636.6 
(-F45.6%) 


-0.2 
{-18.2%} 



* P = Palustrme wetlands, Lacustrine wetlands, which are typically large established reseivoirs, were eliminated 
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rate of less than 30%. The relatively low rate of 
compliance suggests tliat resource managers may 
have little understanding of the magnitude of 
pond creation and tlie resultant impact on water 
quantity and quality issues, which are increasingly 
problematic in Montana and otlier Western states. 
Tlie lack of knowledge about tlie number of ponds 
being created is amplified by the lack of research 
quantifying the impact of cieated ponds on watei' 
quantity and quality issues, or otlier associated 
positive and negative ecological functions. 

Our visual review of imageiy indicated that most 
of the created ponds in our study aiea are designed 
for recreational uses. Fish aie commonly stocked 
and a stocking permit is required fi^oni the Montana 
Fish, Wildlife, and Parks (MT-FWP) Division. We 
obtained die MT-FWP database and classified the 
fish to be stocked as native or non-native (Table 
4). Fish stocking peimits were first lequiied in 
1998. Tlie 252 permits widiin our study area do 
not indicate actual stocking, only intent to stock as 
reflected by the individuals obtaining tlie permit. 
Many stocking peimits listed more dian one 
species; tlie non-native rainbow trout was the most 
popular stocking species. Only 9.1% of tlie pemiits 
indicated tliat individuals planned to only stock die 
native species QitUiroat trout; tiie actual figure will 
be lower because some native Cuttliroat subspecies 
are not native to our study aiea and die peimits did 
not always specify a subspecies. 



Table 4. Summaiy of 252 fish stocking permits within study 
area. 



Permitted 
Species 


Number of 
Pennits 


Native to 
Montana? 


Rainbow tioiit 


222 


No 


Cutthroat tiout 


122 


Yes 


Brook ti'oiit 


24 


No 


Brown trout 


16 


No 


Lai'gemouth bass 


9 


No 


Pumpkin seed 


2 


No 


Goldfish 


1 


No 



Stocked predatory fish, like tiout, can prey 
on amphibians and have been associated with 
landscape-scale declines of native species in some 
areas (Matthews et al. 2001). The presence of 
fish has been strongly and negatively associated 
wiUi some amphibian populations in a widespread 
inventory of amphibians in Montana wetlands 
(B. Maxell pers. conini.). Created ponds and non- 
native fish may also lead to environments less 
suitable for native amphibians dian for the invasive 
bullfi'og (Rana catesbeiatta) (Kentula et al. 2004), 
which is a problem species in our area. Rainbow 
and brown ti'out are estabhshed in die Bitterroot 
River (MT-FWP 2008) and stocked by die MT- 
FWP elsewhere in diis region (MT-FWP 2007). 
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Conclusions and Management Recommendations 



Suniniaries from our mapping detail a profile 
of the 16,304 acres of wetland vegetation and 
hydrogeoiiiorphic types in oui" study area. Riverine 
types aie tlie most common followed by wetlands 
witli emergent vegetation. Most emergent wetlands 
are diiei' wetlands on the valley floor or in riparian 
settings, and are not in good ecological condition 
due to non-native vegetation and land use practices. 
We mapped about 670 acres of wetlands with 
a saturated water regime, many of these may 
be peatlands, an uncommon type in Montana 
that represents habitat for many plant Species 
of Concern and tlie Northern Bog Lemming, an 
animal Species of Concern. Slope wetlands were 
also mapped; tliese represent another type tliat may 
have high conservation value. Over 1,806 acres, 
11% of the total wetland acreage, are isolated 
wetlands, which may not be regulated. 

We developed a metliod to quantify and display 
the ecological functions of wetlands on m^s. Tlie 
concentiation of wetlands and associated functions 
on the Bitterroot Valley bottom and especially 
along the riparian areas of tlie Bitteiioot River and 
its larger tributaries emphasizes tlie importance 
of conserving these areas to preseive habitat and 
protect water quality and quantity. Our mapping 
combined hydiogeomorphic and National Wetland 
Inventory classifications systems and linked 
associated fiinctions to wetland types. It represents 
tlie most detailed mapping infonnation system 



for wetlands that has evei' been implemented 
on a statewide or regional basis. Conservation 
practitioners can focus on types tliat aie rare or 
have potential habitat for species of concern, like 
slope wetlands, andpeatlands. Wetland mitigation 
and policy fomiulation can occur with detailed 
knowledge of the distribution of wetland types and 
associated fiinctions in tlie watershed. 

We documented an 80% reduction in beaver pond 
acreage and numbers during tlie last 20 yeais. 
Only 23 ponds totaling about 5 acres remain in 
tliis 1 .4 million acre aiea despite the laige amount 
of suitable beaver habitat. Beavers are a keystone 
species witli important ecological fiinctions, these 
functions are being lost in tliis area. Managers may 
want to focus on why beaver activity is rapidly 
declining and consider options to protect and 
restore beavei' populations. Tlie increasing human 
population of the Bitteiroot Valley has constiiicted 
over 900 new ponds; less tlian 30% had the legally 
required water right pemiit and many intended to 
stock tlie ponds with non-native fish. While created 
ponds perform some wetland fiinctions, there 
is a general lack of relevant research and some 
potentially negative ecological impacts, especially 
witli native amphibians. If constnicted wetlands do 
not fiinction like natural wetlands, then landscape 
wetland functions may still be lost even witli a gain 
in wedand acreage. 
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Appendix A. Classification of wetlands and deepwater 

HABITATS OF THE UNITED STATES (COWARDIN ET AL. 1979), 
AS MODIFIED FOR NATIONAL WeTLAND INVENTORY MAPPING 

CONVENTION 



WETLANDS AND DEEPWATER HABITATS CLASSIFICATION 
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SUBSYSTEM 



1 - SUBTIDAL 



M- MARINE 



2 - INTERTIDAL 



CLASS 
Subclira 



RB-ROCK UB-UNCOHEOLmATED AB -AqUATIC HE 



IBEdidcb 



BOTTDH 

1 CcU»k-i;nTEl 

4 CHgiDi: 



lAfeU 



RF - BEEF OW - OPffW WATFR/ 






AB -AQUATIC BED 



5 mJaewi^bma^enl 



ICOBl 

IWom 



R£ -ROCKY CHORE 



lB?ik(.(t 



US - UNC Om DLmATED 
SHORE 

I CDtbt-iJr»El 
3 Enid 
INiid 



SYSTEM 

SUBSYSTEM 



1- SUBTIDAL 



E-ESTUARINE 



2 -INTERTIDAL 






CLASS 



RB-ROCE UB -UHCCnCOLIDATED AB - AQUATIC 
BOTTOM BOTTOM BED 



U-HEEF Oy[-0PFNnArSRi 



IB?dEDik 


1 Cobblp-Gm^l 


lAlGd 


IMalliiH 


2 Bjtbiv 


2Cmd 


IRoobdVutulii 


2 Worn 




^Hid 


4 Fkibiie V«iQi]u 






4 CkeuuE 


5 Uabwwi SutrnfTi/nl 

6 UBbu'\ii Su/fine 





AB -AgUATIC 


av-vmn/ 


SB -CTEEftWBED 


RP - ROCKY 


US-UNCDHloOLIDATED EM 


-EHERiJENT 


53-:oCRUB- 


FD- FORESTED 


BED 






CHORE 


CHORE 






3HRUB 




lAlfid 


IMalliisi 


1 Cabblt Qn?! 


IBtdiatb 


1 CDbbt-iJmtl 


IPa^oldit 


1 Biddd-LtiTEd 


1 Biorid-LEn^d 


IRDiri^dVumlu 


3 Wcim 


2SaMl 


2Rj.ibbli 


3£iiid 


^Nor^misl^it 


Dviibiui 


Dt(idiKiiis 


4Fk4liieV«fDj]ii 




3MiA 




3Mud 






3HEtdlv-LEU?d 


? N?Ed]E-L? DDVd 


5 Unham^i Suint^/gfil 




4CkpiiE 




4lk9nk 








Dt(i±j(iiii 


6 UahvifiSutface 














? Bn]4d-Lt4TEd 

4»Fd]E-LEU?d 

Eangtai 

51>Eid 

7 Fvn^eea 


1 BKirid-LE4q?d 

E^tig'Edi 

4N?rd]E-L?Diivd 

E^tig'Edi 

^D?«d 

7 Sv/i STftit 



SYSTEM 










SUBSYSTEM 


1 -TIDAL 


2- 


LOWER PERENNIAL 


CLASS 


RB-ROCK 


UB -UHCOffiOLIDATED 


■CB -CTREAHBED 




BOTTOM 


BOTTOM 








IBEdiatk 


1 CobblE-Gmel 




IBEdidck 




2RiU»t 


3Cmd 
SHid 
4 Ck^uE 




URiiiJjk 

1 CcUjk i;iiT»l 

4:o«nd 

SMid 

6 OigmK 

7 Vf ^hUd 



R RIVERIKE 



3 - UPPER PERENNIAL 



4 -INTERMITTENT 



5 - UNKNOWN PERENNIAL 



AB -AqUATIC BED 



R£ -ROCKY SHORE 



lAlgil 


IBEdidcb 


1 AqiuIiE Haa 


IIRdibk 


iRoOedViicala 




4 FbUmg Visnilu 




5 Ulib^Mi Siitiier£erU 




6 Ulib^Mi ^Jtificf 





DC - UNC DHS OLID ATED 
CHORE 

1 i:d]blf-Gi«?l 

7Stra 

3 Mid 



"EM-EHHlGENT 



^NDT^tnm^nl 



aVi - OFSU WATFRi 



5 V^^UlEd 



'STREAMBED isLmitedlo TIDAL mdmTERMITTENT SUBSYSTEMS, mdcoiupnses the only CLASS in Ihe INTERMITTENT SUBSYSTEM 
" EMERGENT is liiniled lo TIDAL and LOU'ER PERENNIAL SUBSYSTEMS 



Qtassiiication of Wetlands and Deefiv/atsf H 3b>ia!s of Sfie United States 
Cowsidoi Ef AL 1979 as modified fot National WeSand Inventoty Mapping Coni/ention 
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Appendix B. Flowchart for and key to hydrogeomorphic 

coding of wetland polygons 



Flowchart for hydrogeomorphic coding of wetland polygons, modified from Tiner 

(2003) See detailed key (Appendix B -2) 



TE 

Wetland is completely 
suiTounded by upland 
(non-hydi^ic soils 
Wetland is not located 
m a nver or stream or 
on its active floodplain 
Wetland is the source 
of a river or stream 
but thiswatei'course 
does not extend 
thi'ough the wetland 



FP 
Wetland 
occurs on 

an active 

floodplain 

(with 

alluvial 

processes) 



LE 

Wetland is located in or 
along a lake or 
resei'poir [permanent 
watei'body where 

standingwatei' is 
typically much deeper 
than 6 6 feet at low 
water), including 
sti'eamside wetlands in 
a lake basin and 
wetlands behind 
beaches with open 
access to a lake 



y V 



LR 

Wetland is 
associated with a 
river (a broad 
channel mapped as 
a polygon or fi- 
lmed watercourse 
on a ] M.OOOUS 
Geological Suii/ey 
topogi-aphic map) 
or its active 
floodplain 



I 



J V. 



LS 

Wetland is 
associatedwith a 
sti'eam (a linear 

or single-line 
watei'course on a 

1 24,000 U S 
Geological 
Sui-vey 

topographic map) 
or its active 
floodplain 



J V 



Water depth 
greater than 2 m 



Natural Lake 
1 



Dammed River Valley 



Other Dammed Lake 
3 



Excavated Lake 
4 

■ 



1 1 


Low Gradient <2% 


1 


Middle Gi'adieiit >29''o<4% 


2 


High Gi-adieiit >4% 


3 




And if necessaiy add 






Intemiittent 4 






Dammed 6 





FR 

Wetland occurs 
within the banks of a 
river or stream or 
along the sliores of a 

pond, lake, or island, 
or island, and is 
either (1) vegetated 
and typically 
pennanently 
inundated, semi- 
pennanently flooded 
or otliei^ise flooded 
for most of the 
gi'owing season, or 
pennanently 
saturated due to this 
location or (2) a 
nonvegetated bank or 
sliore that is 
temporarily or 
V^asonallv flooded 



3 



IL 

Wetland 
forms an 
island 



SL 

Wetland 
occurs on 
a 

noticeabi 
e slope ( 
> Z 

percent 
slope) 



BA 

Wetland exists in a 
distinct depression 
in various positions 
on the landscape 
(i e , suiTounded by 
upland, along 
smaller rivers and 
sti'eams, along in- 
sti'eam ponds, along 
lake shores, or on 
former floodplains 
or interfluv es) 



X 



£ 



FL 

Wetland 
exists in a 
relatively 
level area 



Rp 

E.iparian 

End here, 
no flow path 
associated 



J v 



BI 




TH 




IS 




IN 




OU 


Bidrectional 




Tlii'oiighflow 




K'olated 




Inflow 




Outflow 
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Key to hydrogeomorphic coding of wetland polygons, modified from Tiner (2003) 
Key A-1 : Key to Wetland Landscape Position 

1. Wetland is completely siirroimded by upland (non-hydric soils) Terrene (TE) 

1 . Wetland is not surrounded by upland but is connected to a wateibody of some kind 2 

2. Wetland is located in or along a lake or resei"voir (permanent waterbody where standing water 
is typically much deeper than 6.6 feet at low water), including streamside wetlands in a lake 
basin and wetlands beliind beaches with open access to a lake Lentic (LE) 

Go to Key C -2 for Lake Type 
Tlien Go to Key B-1 for inland landfomi 

Note: Lentic wetlands consist of all wetlands in a lake basin (i.e., the depression contain- 
ii^ tlie lake), includii^ lakeside wetlands intersected by stieams emptyii^ into the lake. 
The upstieam limit of lentic wetlands is defined by the upstieam influence of the lake 
wliich IS usually approximated by the limits of the basin within which the lake occms. 
The stieamside lentic weflands aie designated as Thioughflow , thereby emphasizing the 
sti'eam flow tluough these wetlands. Other lentic wetlands are typically classified as Bi- 
diiectional-nontidal since water tables rise and fall with lake levels durii^ tlie year. 

2. Wetland does not occur along this type of waterbody 3 

3. Wetland is located in aiiver or stream (includii^ m-stream ponds), witliinits banks, or on its 
active floodplain and is periodically flooded by the river or stieam 4 

3. Wetland is not located in a river or stieam or on its active floodplain Terrene 

Note: These weflands may occur: (1) on a slope or flat, or in a depression (including 
ponds, poflioles, and playas) lackmg a stream but contiguous to a river or stieam, (2) on 
a historic (mactive) floodplain, or (3) in a landscape position crossed by a stream (e.g., an 
entrenched stieam), but where tlie stieam does not periodically immdate the wefland. 

Go to Key B-1 for inland landform 

4. Wefland is the source of a nver or stream but this watercourse does not extend through the 
wefland Terrene 

Modifiers'. May mclude H eadwater for weflands tliat are sources of streams. 

4. Wefland is located in a nver or stream, within its banks, or on its active floodplain 5 
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5. Wetland is associated witli a river (a broad channel mapped as a polygon or 

2-lined water course on a 1:24,000 U.S. Geological Smvey topographic map) or its active 

floodplain Lotic River (LR) 

Go to Couplet ''a" below 
{Also see note under first couplet #3 - Lentic re: streamsfde wetlands in lake basins) 

5. Wetland is associated witli a stream (a linear' or smgle-line watercomse on a 1:24,000 U.S. 

Geological Smvey topographic map) or its active floodplain Lotic Stream (LS) 

Go to Couplet ''a" below 
{Also see note under first couplet #3 - Lentic re: streamsfde wetlands in lake basins) 

Note: Artificial diainageways (i.e., ditches) aie not considered pail of the Lotic 
classification, whereas channehzed stieams aie part of tlie Lotic landscape position. 

a. Water flow is dammed, yet stiU flowing downstieam, at least 

seasonally Dammed Reach (6) 

Go to Key B-1 for inland landfonn 

a. Water flow is mu'estiicted , b 

b. Water flow is intermittent dnrii^ the year Intermittent Gradient (4) 

Go to Key B-1 for inland landfonn 

b. Water flow is peiennial (yeai-round) , c 

c. Water flow is generally rapid due to steep gradient, typically litfle or no floodplain 
development; watercomse is generally shallow witli rock, cobbles, or gravel bottoms, 
first- and second-oider ''streams" in hilly to moimtainous teiiain; part of Cowardin's 
Upper Perenmal Subsystem High Gradient (3) 

Go to Key B-1 for inland landform 

c. Watercomse characteiistics aie not so; ''stieam" order greater flian 2 m liilly to 
momitainous terrain d 

d. Water flow is generally slow, typically with extensive floodplain; water comse shallow 
or deep with mud oi sand bottoms; typically fiflli and liighei older ''streams", but 
includes ditches; tlie lower older stieains may lack significant floodplain develop- 
ment); Cowai'din's Lower Perenmal subsystem Low Gradient (1) 

Go to Key B-1 for inland landform 

d. Water flow is fast to moderate, with httle to some floodplain, usuaUy third-, fourth- 
and higher order ''stieams'' associated with hilly to moimtainous teiiain; part of Cow- 
ai'din's Upper Perennial Subsystem Middle Gradient (2) 
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Key B-1: Key to Inland Landforms 

1 . Wetland occms on a noticeable slope ( > 2 peicent slope) Slope Wetland (SL) 

Go to Key D-1 for water flow path 

1. Wetland does not occur on a distinct slope 2 

2. Wetland forms an island Island Wetland (IL)* 

(Go to Key D-1 for water flow path ) 

2. Wetland does notfoim an island 3 

3. Wetland occms witliin the banks of a river or stream or aloi^ tlie shores of a pond, lake, or 
island, or island, and is eitlier : (1) vegetated a/w/ typically pennanentlymimdated, semi-per- 
manently flooded or otherwise flooded for most of the glowing season, oi pennanenfly satu- 
rated due to this location or (2) a nonvegetated bank oi shore tliat is tempoiarily or seasonally 
flooded Fringe Wetland (FR)* 

Go to Key D-1 for water flow path 

Attention : Seasonally to temporarily flooded vegetated wetlands along rivers and streams 
are classified as either Floodplain, Basin, or Flat landfonns - see applicable categories. 

3. Wetland does not exist along these shores 4 

4. Wetland occurs on an active floodplain (with alluvial processes) Floodplain Wetland (FP) 

Go to Key D-1 for water flow path 

4. Wetland does not occur on an active floodplain 5 

5. Wetland occurs on an interstieam divide (inteifinve) Interfluve Wetland (IF) 

Go to Key D-1 for water flow path 

5. Wetland does not occur on an mteifluve 6 

6. Wetland exists m a distmct depression in vaiious positions on the landscape (i.e., surroimded 
by upland, aloi^ smaller rivers and stieams, along in-stream ponds, along lake shores, or on for- 
mer floodplains or interfluves) Basin Wetland (BA) 

Go to Key D-1 for water flow path 

6. Wetland exists m a relatively level area Flat Wetland (FL) 

Go to Key D-1 for water flow path 

*Note: Inland slope weflands and island wetlands associated witli riveis, streams, and 
lakes are designated as such by the landscape position classification (e.g., lotic rivei, lotic 
sti'eam, or lentic), therefore no additional tenns are needed to convey fliis association. 
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KeyC-2. Key to Lakes. 

The lake designation is for pennanentiy flooded deep waters (>6.6 feet). The Cowardin et al, 
system consrders standing waterbodies larger flian 20 acres to be pail of flie lacustrine system 
(regardless of water depth; shallow = wetlands; >6.6 feet = deepwater habitat), aiid smaller ones 
typically pail of the palustrine weflands. For our purposes, shallow lakes and seasonal or inter- 
mittent lakes are considered some type of terrene or lotic wetland depending on the presence and 
location of a stieam. Lentic weflands are associated witii pennanenfly flooded standii^ water- 
bodies deeper tiian 6.6 feet at low watei. 

1 . Waterbody is not dammed oi impoimded Natural Lake (1) 

1. Waterbody is dammed, impounded, or excavated 2 

2. Waterbody is dammed or impounded 3 

2. Waterbody is excavated Excavated Lake (4) 

3. Dammed river valley Dammed River Valley Lake (2) 

Note : When the dam inundates former floodplains and oflier low-lying areas, the water- 
body is considered a Dammed River V^alley Lake. If tiie darn crosses a liighei giadient 
river and increase water deptii in a channel without significant floodii^ of much neigh- 
boring land, the wateibody IS considered tiie dainmedieachof arivei. 

3. Dammed natural lake or otiier landscape Other Dammed Lake (3) 

KeyD-1: Key to Water Flow Paths 

1 . Water levels fluctuate due to lake influences or to variable river levels, but watei does not flow 
thiough tills wefland Bidirectional-nontidal (BI) 

Note : Lentic wetiands with stieams nmnii^ tiu'ough them are classifled as Tluougliflow 
to emphasize this additional water somce, while lentic weflands located in coves or fling- 
ing tiie liLgh gi'ound would typicaUy be classified as Bidirectional -Nontidal. Similarly, 
many floodplain wetiands aie throughflow types, while some are comiected to tiie river 
through a single channel in wliich water rises and falls with changii^ iiver levels. The 
water flow patii of the latter types is best classified as bidirectional-nontidal. 

1. Wetiandis not subject to lake influences 2 
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2. Wetland receives surface or ground water from a stream, other waterbody or wetland 
(i.e., at a liighei elevation) and smface or ground water passes through tlie subject 
wetland to a stream, another wetland, or other waterbody at a lower elevation; a flow- 
thiough system Throughflow (TH) 

2. Water does not pass through this wetland to other wetlands or waters 3 

3. There is no surface or groimdwater inflow from a stream, otlier waterbody, or wetland (i.e., 
no docmnented smface oi giomid water inflow from a wetland oi otlier waterbody at a liigher 
elevation) and no observable or known outflow of smface or giomid water to otlier wetlands 
or waters Isolated (IS) 

3. Weflandis not hydidogically or geographicaUy isolated 4 



4. Wefland receives surface or groimd water inflow from a wetland or otlier waterbody 

(peremiial or inteniiittent) at a liigher elevation and there is no obsei'vable or known signifi- 
cant out flow of smface or giomid water to a stream, wefland or waterbody at a lower 
elevation Inflow (IN) 

4. Wefland receives no surface or groimd water inflow from a wetland or peniianent waterbody 
at a higher elevaflon (may receive flow fiom inteniiittent streams only) and smface or ground 
water is discharged from fliis wefland to a stieam, wefland, or oflier waterbody at a lower 
elevation Outflow (OU) 

Waterbody Keys 

These keys are designed to expand the classification of waterbodies beyond the system and 
subsystem levels in tlie Seivice's wefland classification system (Cowardin et al. 1979). Users 
aie advised first to classify the wateibody m one of the five ecosystems: 1) maime (open ocean 
and associated coasfline), 2) estuarine (mixmg zone of fiesh and ocean-derived salt water), 3) 
lacustrine (lakes, leseivoirs, large impoimdments, and dammed rivers), 4) riveime (midammed 
rivers and tributaries), and 5) palustime (e.g,, nontidal ponds) and then apply the wateibody type 
desciiptors below. 

KeyA-2. Key to Major Waterbody Type 

1. Waterbody is predommanfly flowmg water 2 

1. Waterbody is predominantly standing water 4 

2. Flow is miidirectional and waterbody is a river, stream, or siinilai" channel 3 

2. Flow is bidiiectional at least seasonally, wateibody is a lake or lake-influenced 4 
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3. Waterbody is a polygonal feature on a U.S. Geological Survey map or a National Wetlands 
Inventory Map (1:24,000/1:25,000) River (R\0 

3. Waterbody is a Imeai' featuie on such maps Stream (ST) 

Go to River/Strecun Gradient Key - Key B-2 

4. Waterbody is permanently flooded and deep (>tlian 6.6 ft at low water), excluding small 
ketde or bog ponds (i.e., usually less than 5 acres in size and surroimded by bog 
vegetation) Lake (LK) 

Go to Lake Key - Key C-2 

4. Waterbody is shallow (< 6.6 ft at low water) or a small pond (wifli deeper water) 5 

5. Waterbody is small (< 20 acres) Pond (PD) 

5. Waterbody is laige (>20 acres) Lake 

Go to Lake Key - Key C-2 

Key B-2. River/Stream Gradient and Other Modifiers Key 

Please note tliat tlie river/stream gradient extends from the freshwater bi-diiectional flow zone 
through tlie intermittent reach. The hmits of the lattei are typically defined by diainageways with 
well-defined chamiels that discharge water seasonally. From a practical standpoint, flie hmits of 
thelotic system aie displayed on 1:24,000 U.S. Geological Survey topographic maps or similai' 
digital data. Inteimittent stieams, certam dammed portions of livers plus lock and dammed canal 
systems may be classified as rivers using the descriptors presented ni these keys. In tlie Cowar- 
din et al. system, they may be classified as Riverine Inteimittent Stieambed or Lacustrine Uncon- 
solidated Bottom, respectively. 

1. Water flow is dammed, yet still flowing downstream at least seasonally Dammed Reach (6) 

1. Water flow is umestiicted 2 

2. Water flow is peiennial (yeai-round); peremiial rivers and stieams 3 

2. Water flow is seasonal or periodic (intermittent). 

Cowardin's Intermittent Subsystem Intermittent Gradient (4) 

3. Water flow is generally rapid due to steep gradient; typically httle or no floodplain develop- 
ment; watercoui'se is generally shallow witli rock, cobbles, or gravel bottoms, fiist and second 
order "streams"; pail of Cowardin's Upper Peremiial subsystem High Gradient (3) 

3. Water flow is not so; some to much floodplain development 4 
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4. Water flow is generally slow, typically with extensive floodplain; water comse shallow or 
deep with mud or sand bottoms; typically fiflli and liighei order ''streams", but mclndes lower 
order stieams in nearly level landscapes. 
Cowardin's Lower Perennial subsystem Low Gradient (1) 

4. Water flow is fast to moderate, with little to some floodplain, usually third and fomlli order 
"streams"; pail of Cowai'din's Upper Peremiial subsystem Middle Gradient (2) 

KeyC-2. Key to Lakes. 

The lake designation is for permanently flooded deep waters (>6.6 feet). Some classification 
systems include shallow wateibodies or periodically exposed areas. The Cowaidni et al. system 
considers standing wateibodies larger flian 20 acres to be part of tlie lacustiine system (regardless 
of water depth, shallow = weflands; >6.6 feet = deepwater habitat), and smaller ones typically 
pail of the palustrine weflands. For our purposes, shaUow lakes and seasonal or intennittent 
lakes are considered some type of terrene or lotic wetland depending on the presence and loca- 
tion of a sti'eam. Lentic weflands aie associated witli permanenfly flooded standing waterbodies 
deeper than 6.6 feet at low water. 

1 . Waterbody is not dammed or nupoimded Natural Lake (1) 

1. Waterbody is dammed, impounded, or excavated 2 

2. Waterbody is dammed or impounded 3 

2. Waterbody is excavated Excavated Lake (4) 

3. Dammed river valley Dammed River Valley Lake (2) 

Note : When the dam inmidates former floodplains and oflier low-lying areas, flie water 
body is considered a Dammed River Valley Lake. If tlie dam crosses a liighei giadient 
river and increase water deptli in a channel without significant flooding of much neigh- 
borii^ land, the wateibody is considered tlie dammed reach of a river. 

3. Dammed natuial lake or otlier landscape Other Dammed Lake (3) 

KeyF-2. Key to Water Flow Paths 

1 . Water flows out of the wateibody via a river, stream, or ditch, with little or no niflow (inflow 
could be from mteimittent stieams or groimd water only) Outflow (OU) 

1. Water flow is not so 2 
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2. Water enters waterbody from river, stream, or ditch, flows tluough it, and continues to flow 
downstream Throughflow (TH) or Throughflow- intermittent (TI) 

Note : Thi'oughflow intennittent is applied to mteiinittent stieajns 

2. Water flow is not tlirougliflow 3 

3. Water flows in and out of the waterbody thioughtlie same channel; it does not flow through 
tlie waterbody. Bidirectional-nontidal (BI) 

3. Water flow is not bidirectional 4 

4. Water flow enters via a rivei, stieam, oi ditch, but does not exit pond, lake or reseivoir; water- 
body selves as a smk ftir water Inflow (IN) 

4. No apparent channelized inflow, source of water either by precipitation or by imdeiground 
somces Isolated (IS) 

Attention : In most applications, isolation is interpreted as "geographically isolated'' 
since groundyvater connections are typically unknown for specific waterbodies. 
For practical purposes then. " isolated'' means no obvious surface water cormection to 
otherwetlands andwaters. 
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Appendix C. Relative functional performance levels for 

WETLANDS CLASSIFIED WITH NATIONAL WeTLAND INVENTORY 
(NWI) AND HYDROGEOMORPHIC (HGM) CODES 

("1" IS ESTIMATED TO BE THE HIGHEST RELATIVE PEHEOHMANCE FOLLOWED BY "2" THEN "3") 
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3 
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PEtlB 
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7 
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3 
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3 
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?EMB 
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-\ 
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1 
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-\ 
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1 
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1 
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3 






?EMB 


LS34BArH 


15 
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3 
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21 
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1 
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TEBABI 
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3 
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3 
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3 
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3 


3 


— . 


-\ 


3 


-\ 


-* 




3 


PEMFh 


LS^eB/O-H 


-> 


-/ 


-\ 


—. 


— . 


1 


3 


-\ 


—1 




3 


PEMFh 


TEBAI3 
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23 
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1 
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?FOA 


LRIFPTH 
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] 
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1 
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LSIFPTH 


] 


] 


1 


—. 
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1 
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1 


?SSAb 


LS16BATH 


9 
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-\ 
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1 
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-* 
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3 


PSSAb 


LS26BATH 


6 


] 


-\ 
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'1 =high, 2 = moderate, 3 = low orN/A 



Appendix D. Complete statistical results from wetland 

CHANGE analysis 



Derived from raudom saiiipliug analysis. See Appendix A for NWI code definitions. Codes 
witliout additional infonnation (e.g. LIUB) indicate estimated area values from tlie old NWI 
(1982, 1983, 1984). Codes with "new"' (e.g. LlUBnew) indicate estimated ai'ea values fiom 
the new NWI (2005). Humau and natural refer to the somce of change. All values aie in acies. 



Category 


Estimated 
Area 


Standard 
Error 


Lower 95% 

Confidence 

Limit 


Upper 95% 

Confidence 

Limit 


LIUB 


1983.3 


1256.3 


-479.0 


4445.7 


LlUBnew 


1983.3 


1256.3 


-479.0 


4445 7 


L 1 UB . n e^v. hum an 


0.0 


0.0 


0.0 


0.0 


L 1 UB . n e^v. n atur al 


0.0 


0.0 


0.0 


0.0 


L2UB 


29.4 


20.0 


-9.7 


68.6 


L2UBnew 


902.1 


872.9 


-808.7 


2612.9 


L 2UB . n e^v. hum an 


902.1 


872.9 


-808.7 


2612.9 


L 2UB . n e^v. n atur al 


0.0 


0.0 


0.0 


0.0 


L2US 


78.5 


78.5 


-75.4 


2324 


L2USnew 


78.5 


78.5 


-75.4 


232.4 


L 2U S . n ew: hum an 


0.0 


0.0 


0.0 


O.O 


L 2U S . n ew. n atur al 


0.0 


0.0 


0.0 


0.0 


PAB 


1015.0 


287.1 


452.4 


1577.6 


PABnew 


1212.1 


270.9 


681.2 


17429 


PAB . n ew. hum an 


287.8 


165.1 


-35.8 


611.4 


PAB . n ew. n atur al 


-90.7 


64.1 


-216.4 


34.9 


PEM 


3411.8 


1249.1 


963.6 


5860.0 


PEMnew 


2708.4 


731.1 


1275.6 


4141 3 


PEM . n e w. hum an 


-751.9 


806.9 


-2333.5 


829.6 


PEM . n e w. n atur al 


48.5 


65.9 


-80.6 


177.7 


PEG 


0.5 


0.5 


-0.4 


13 


PEOnew 


0.5 


0.5 


-0.4 


1.3 


PEO . ne\v himi an 


0.0 


0.0 


0.0 


0.0 


PEO . ne\v natural 


0.0 


0.0 


0.0 


0.0 


PSS 


1769.0 


438.8 


909.0 


2629.1 


PSSnew 


1345.7 


391.2 


579.0 


2112.3 


PSS. new. hum an 


-16.0 


12.8 


-41.1 


9.1 


PSS. new. natural 


-407.4 


158.7 


-718.5 


-96.2 


PUS 


80.1 


76.3 


-69.5 


229.7 


PUSnew 


4.0 


3.0 


-1.9 


9.9 


PU S . ne\v himi an 


-74.0 


75.0 


-221.0 


73 1 


PU S . new n atur al 


0.0 


0.0 


0.0 


0.0 


R.2UB 


2708.9 


800.2 


1140.4 


4277.3 


R2UBnew 


2197.7 


773.9 


680.9 


37146 


R2U B . n e w. hum an 


0.0 


0.0 


0.0 


0.0 


E12U B . n e w. n atiual 


-511.1 


517.3 


-1525.0 


502.7 



Appendix D - J 



Category 


Estimated 
Area 


Standard 
Error 


Lower 95% 

Confidence 

Limit 


Upper 95% 

Confidence 

Limit 


Et2US 


3193.1 


1213.9 


813.9 


5572.3 


R2USiiew 


2258.4 


869.7 


553.7 


3963.0 


E12U S . 11 ew. hum aii 


229.2 


229.2 


-220.0 


678.3 


E12U S . 11 ew. 11 atiiral 


-934.7 


517.3 


-1948.7 


79.2 


R.3UB 


675.5 


229.8 


225.0 


1126.0 


RSUBiiew 


463.6 


187.4 


96.3 


830.S 


R3 U B . 11 e w. hum au 


0.0 


0.0 


0.0 


0.0 


R3 U B . 11 e w. 11 atiir al 


-211.9 


119.1 


-445.3 


21.5 


R.3US 


247.8 


106.7 


38.6 


456.9 


RSUSnew 


128.7 


51.6 


27.6 


229.7 


R.3 U S . 11 ew. hum aii 


0.0 


0.0 


0.0 


0.0 


R3 U S . 11 ew. 11 atiual 


-119.1 


61.4 


-239.4 


12 


OldNWI.Uplaiid 


1323851.0 


10025.3 


1304201.8 


1343500.1 


Qplaiidnew 


1325761.0 


9879.9 


1306396.6 


1345125 3 


lip 1 an d. n e w. hum aii 


-3164 


226.2 


-759.7 


126.9 


Up 1 ail d. 11 ew. n atiual 


2219.8 


743.1 


763.3 


3676.3 


fS[ew.NWI.Siim 


13282.9 


3074.0 


7258.0 


19307.8 


OldNWISum 


15192.9 


3361.2 


8605.1 


21780.7 
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